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BENZIMIDAZOLES AND BENZOTHIAZOLES AS INHIBITORS OF MAP KINASE 

BACKGROUND OF THE INVENTION 

The p38 kinase is a mitogen-activated protein (MAP) kinase that belongs to the 
5 serine/threonine kinase superfamily. This kinase is activated by extracellular stresses 
such as heat, UV light, and osmotic stress, as well as by inflammatory stimuli such as 
lipopolysaccharide. When activated, p38 kinase phosphorylates intracellular protein 
substrates that regulate the biosynthesis of the pro-inflammatory cytokines tumor necrosis 
factor a (TNF-a) and interleukin-lj3 (IL-lfJ). These cytokines are implicated in the 

1 0 pathology of a number of chronic inflammatory disorders (Lee, et aL, Ann. N.Y. Acad. 
ScL, 696, 149-170 (1993); Muller-Ladner, Cum Opin. Rheumatol. . 8, 210-220 (1996)), 
cardiovascular and central nervous system disorders (Salituro, et aL, Current Medicinal 
Chemistry , 6, 807-823 (1999)), and autoimmune disorders (Pargellis, et aL, Nature 
Structural Biology , 9(4), 268-272 (2002)). 

15 A number of compounds within the pyridinylimidazole (W09621452, 

WO9725045, US5656644, US5686455, US5717100, W09712876, W09821957, 
W09847892, WO99903837, WO9901449, WO0061576, WO0172737) and pyrimidinyl- 
imidazole (WO9725048, WO9901452, WO9725046, W09932121, WO9901131, 
WO9901130, WO9901136, WO9807452, W09747618, W09856788, W09857996) 

2 0 structural platforms have been identified as inhibitors of p38 kinase or as cytokine 

inhibitors. Selective inhibitors of p38 kinase are known to suppress the expression of 
TNF-a and EL-ip (McKenna, et aL, J. Med. Chem. . 45(11), 2173-2184 (2002)). Anti- 
inflammatory activity for compounds within the pyrimidinylimidazole structural platform 
has been reported (Lantos, et aL, J. Med. Chem. . 27, 72-75 (1984)), and a number of 

2 5 inhibitors of p38 kinase are under active investigation for the treatment of a variety of 

disorders (Boehm and Adams, Exp. Opin. Ther. Patents , 10(1), 25-37 (2000)). There 
remains a need for treatment in this field for compounds that are cytokine suppressive, 
i.e., compounds that are capable of inhibiting p38 kinase. 

The present invention provides new inhibitors of p38 kinase useful for the 

3 0 treatment of conditions resulting from excessive cytokine production. 
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BRIEF SUMMARY OF THE INVENTION 

i 

The present invention provides compounds of Formula I: 




where: 



is 




(ii) 



(iii) 



o 



(iv) 




N— iN 



N 3 

R 



(v) 





(vii) 




(viii) 




(ix) 



or 




(x) 



X is N(R ) or S; 
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R°is 

(a) selected from the group consisting of hydrogen, C\-C6 alkyl, cyano, 
(C1-C4 alkylene)-R n , 3-hydroxyprop-2-yl, (l-phenyl)-2-hydroxyeth-l-yl, (1-cyclohexyl)- 

5 3-hydroxyprop-2-yl, 4-methoxybenzyl, l,4-dioxoaspiro[4,5]dec-8-yl, tetrahydropyran, 
2,2,6,6-tetxamethylpiperidin-4-yl, and cyclohexan-l-on-4-yl, 

(b) phenyl optionally substituted with one substituent selected from the 
group consisting of nitro and amino, 

(c) piperidin-4-yl optionally substituted with one substituent selected 
10 from the group consisting of C1-C4 alkyl, C1-C4 alkoxycarbonyl, and benzyl, or 

(d) C3-C6 cycloalkyl optionally substituted with one substituent 
selected from the group consisting of C1-C4 alkoxycarbonylamino, amino, hydroxy, and 
C1-C4 alkylene-OH; 

15 R 1 is 

(a) selected from the group consisting of hydrogen, C1-C6 alkyl, C 2 -C 4 
alkynyl, halo, amino, azido, formyl, l-(Ci-C 4 alkoxycarbonyl)ethen-2-yl, l-(Ci-C4 
alkoxycarbonyl)ethyl, l-(Ci-C4 carboxy)ethyl, (C1-C4 alkylene)benzyloxy, 
trifluoromethyl, trimethylsilylethynyl, but-3-yn-l-ol, , C3-C6 cycloalkyl, tetrahydropyran- 

2 0 4-yl, hydroxymethyl, 2-(piperidin-l-yl)methyl, N,N' ,NHtrimethyl]-2- 

(aminoethylamino)methyl, (morpholin-4-yl)methyl, dimethylaminomethyl, N-[2- 
(piperidin-l-yl)eth-l-yl]-aminomethyl, N' ,N , -dimethyl-2-(aminoethylamino)methyl, 
pyridinyl, thiazolyl, triazolyl, benzo(l,3)dioxolan-5-yl, and imidazol-2-yl, 

(b) phenyl optionally substituted with one to three substituents 

2 5 independently selected from the group consisting of Q-C4 alkyl, halo, nitro, ammo, C1-C4 
alkoxy, trifluoromethyl, trifluoromethoxy, trifluoromethylsulfanyl, methylsulfonyl, 
methylsulfonamidyl, pyrrolidin-l-yl, morpholin-4-yl, 4-(Ci-C 4 alkyl)piperazin-l-yl, - 
NR^ 7 , and Ci~C 4 alkoxy optionally substituted with one substituent selected from the 
group consisting of piperidin-l-yl, pyrrolidin-l-yl, morpholin-4-yl, azepin-4-yl, and di(Ci- 

30 C 4 alkyl)amino, 

(c) thienyl optionally substituted with one substituent selected from the 
group consisting of halo, nitro, amino, and C1-C4 alkyl, or 



BNSDOCID <WO 20040 14900A1 I > 



I 



WO 2004/014900 PCT/US2003/019890 

-4- 



1 (d) piperidin-4-yl optionally substituted at the 1 -position from the 
group consisting of C1-C4 alkyl, C1-C4 alkoxycarbonyl, benzyloxycarbonyl, and (C1-C4 

alkylene)-R 8 ; 

1 

1 

1 

5 Alternatively R° and R 1 may be taken together to form a fully saturated C3-C4 

carbon chain or a fully unsaturated C3-C4 carbon chain optionally substituted with halo or 

1 

C1-C4 alkyl; 

R| 2 is hydrogen, C1-C4 alkyl, or benzyl; 

R, 3 is thienyl or phenyl optionally substituted with one to two substituents 
1 0 independently selected from the group consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and 
trifluoromethyl ; 

Rt* is hydrogen, (C1-C4 alkyl)sulfonyl, or (C3-C6 cycloalkyl)sulfonyl; or (C1-C4 
alkyl)2N-sulf onyl ; 

R* is halo, hydrogen, or -NR 9 R 10 ; 
15 R 6 and R 7 are individually at each occurrence selected from hydrogen, carbonyl, or 

C1-C4 alkyl providing that at least one of R 6 and R 7 is hydrogen; 

is hydroxy, trifluoromethyl, dimethylamino, phenyl, pyridinyl, or 1- 
methyhmidazol-2-yl ; 

R is independently at each instance hydrogen or C1-C4 alkyl; 
2 0 R 10 is hydrogen, Q-C4 alkyl, or benzyl; 

R 11 is C1-C4 alkoxy, hydroxy, Q-C4 alkoxycarbonyl, C1-C4 alkoxycarbonylamino, 
C3-C6 cycloalkyl, phenyl optionally substituted with one to two substituents independently 
selected ftjom the group consisting of C1-C4 alkoxy and halo, morpholin-4-yl, or pyridinyl; 

R° 

R i J*. 



R 3 

provided that when W is then 
2 5 (a) at least one of R° and R 1 is hydrogen or Ci-C 6 alkyl; or 



1 
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(b) 



R° and R 1 may be taken together to form a fully saturated C3-C4 
carbon chain or a fully unsaturated C3-C4 carbon chain optionally 

substituted with halo or C1-C4 alkyl; 

0 



R 



R 

I 

N 



(ii) 



R 



also provided that when X is S, W is 
5 or a pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof. 

The present invention provides a method of inhibiting p-38 kinase in a mammal 
comprising administering to a mammal in need of such treatment an effective amount of a 
compound of Formula I or a pharmaceutically acceptable salt or a pharmaceutically 
acceptable solvate thereof. 
1 0 The present invention also provides a method of suppressing the production of 

tumor necrosis factor a (TNF-a) in a mammal comprising administering to a mammal in 
need of such treatment an effective amount of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof. 

The present invention also provides a method of suppressing the production of 
15 interleukin-ip (IL-1P) in a mammal comprising administering to a mammal in need of 
such treatment an effective amount of a compound of Formula I or a pharmaceutically 
acceptable salt or a pharmaceutically acceptable solvate thereof. 

The present invention further provides a method of treating conditions resulting 
from excessive cytokine production in a mammal comprising administering to a mammal 
20 in need of such treatment a cytokine-suppressing amount of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof. 

The present invention also provides a method of inhibiting the growth of a 
susceptible neoplasm in a mammal comprising administering to a mammal in need of 
such treatment a p38 inhibiting amount of a compound of Formula I or a pharmaceutically 
2 5 acceptable salt or a pharmaceutically acceptable solvate thereof. 

The present invention also provides a method of inhibiting metastasis in a 
mammal comprising administering to a mammal in need of such treatment a p38 
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inhibiting amount of a compound of Formula I or a pharmaceutically acceptable salt or a 
pharmaceutically acceptable solvate thereof. 

Th& present invention also provides a method of treating rheumatoid arthritis in 
amammal Comprising administering to a mammal in need of such treatment a p38 

5 inhibiting amount of a compound of Formula I or a pharmaceutically acceptable salt or a 

i 

pharmaceutically acceptable solvate thereof. 

i 

i 

The present invention also provides a pharmaceutical formulation comprising a 
compound bf Formula I or a pharmaceutically acceptable salt or a pharmaceutically 
acceptable solvate thereof, in combination with a pharmaceutically acceptable carrier, 
1 0 diluent or ejxcipient. 

This invention also provides the use of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for the 
manufacture of a medicament for the inhibition of p38 kinase. Additionally, this 
invention provides a compound of Formula I or a pharmaceutically acceptable salt or a 
1 5 pharmaceutically acceptable solvate thereof for use in the inhibition of p38 kinase in 

i 

mammals. Furthermore, this invention provides a pharmaceutical composition adapted 

for the inhibition of p38 kinase comprising a compound of Formula I or a 

i 

pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof in 
combination with one or more pharmaceutically acceptable excipients, carriers, or 
2 0 diluents. \ 

This invention also provides the use of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for the 
manufacture of a medicament for the suppression of the production of tumor necrosis 
factor a (T^F-a). Additionally, this invention provides a compound of Formula I or a 

2 5 pharmaceutically acceptable salt or a pharmaceutically acceptable solvate therof for use in 

the suppression of the production of tumor necrosis factor a (TNF-a) in mammals. 
Furthermoije, this invention provides a pharmaceutical composition adapted for the 

suppression of the production of tumor necrosis factor a (TNF-a) comprising a 

i 

compound of Formula I or a pharmaceutically acceptable salt or a pharmaceutically 

3 0 acceptable solvate thereof in combination with one or more pharmaceutically acceptable 

excipients, carriers, or diluents. 



3NSDOCID <WO 200401 4900A1_I_> 1 

i 



WO 2004/014900 

_7- - 

This invention also provides the use of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for the 
manufacture of a medicament for the suppression of the production of interleukin-ip (BL- 
IP). Additionally, this invention provides a compound of Formula I or a 
5 pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for use 
in the suppression of the production of interleukin-l(3 (EL-IP) in mammals. Furthermore, 
this invention provides a pharmaceutical composition adapted for the suppression of the 
production of interleukin-lfj (JL-lp) comprising a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof in 
1 0 combination with one or more pharmaceutically acceptable excipients, carriers, or 
diluents. 

This invention also provides the use of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for the 
manufacture of a medicament for the treatment of conditions resulting from excessive 

15 cytokine production. Additionally, this invention provides a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for use 
in the treatment of conditions resulting from excessive cytokine production in mammals. 
Furthermore, this invention provides a pharmaceutical composition adapted for the 
treatment of conditions resulting from excessive cytokine production comprising a 

2 0 compound of Formula I or a pharmaceutically acceptable salt or a pharmaceutically 

acceptable solvate thereof in combination with one or more pharmaceutically acceptable 
excipients, carriers, or diluents. 

This invention also provides the use of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for the 

2 5 manufacture of a medicament for the inhibition of growth of a susceptible neoplasm. 

Additionally, this invention provides a compound of Formula I or a pharmaceutically 
acceptable salt or a pharmaceutically acceptable solvate thereof for use in the inhibition of 
growth of a susceptible neoplasm in mammals. Furthermore, this invention provides a 
pharmaceutical composition adapted for the inhibition of growth of a susceptible 

3 0 neoplasm comprising a compound of Formula I or a pharmaceutically acceptable salt or a 

pharmaceutically acceptable solvate thereof in combination with one or more 
pharmaceutically acceptable excipients, earners, or diluents. 
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Tlhis invention also provides the use of a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof for the 

manufacture of a medicament for the inhibition of metastasis. Additionally, this 

i 

invention provides a compound of Formula I or a pharmaceutically acceptable salt or a 

i 

5 pharmaceutically acceptable solvate thereof for use in the inhibition of metastasis in 
mammals. Furthermore, this invention provides a pharmaceutical composition adapted 
for the inhibition of metastasis comprising a compound of Formula I or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof in 
combination with one or more pharmaceutically acceptable excipients, carriers, or 
10 diluents. 

i 

Tjiis invention also provides the use of a compound of Formula I or a 
pharmacdutically acceptable salt or a pharmaceutically acceptable solvate thereof for the 
manufacture of a medicament for the treatment of rheumatoid arthritis. Additionally, this 
invention! provides a compound of Formula I or a pharmaceutically acceptable salt or a 
1 5 pharmaceutically acceptable solvate thereof for use in the treatment of rheumatoid 

arthritis in mammals. Furthermore, this invention provides a pharmaceutical composition 

adapted for the treatment of rheumatoid arthritis comprising a compound of Formula I or 

i 

a pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof in 

i 

combination with one or more pharmaceutically acceptable excipients, carriers, or 
20 diluents. , 



DETAILED DESCRIPTION OF THE INVENTION 

Thje general chemical terms used in the formulae above have their usual meanings. 
For example, the term "Ci-Ce alkyl" includes methyl, ethyl, propyl, isopropyl, butyl, 
25 isobutyl, ^ec-butyl, terf-butyl, pentyl, and hexyl moieties. The term "C1-C4 alkyl" is 
included \^ithin the meaning of "Ci-C 6 alkyl" and includes methyl, ethyl, propyl, 

isopropyl, butyl, isobutyl, sec-butyl, and tert-butyl moieties. The term "C1-C4 alkoxy" is 

1 

taken to n^ean a C1-C4 alkyl group linked to the parent molecule through an oxygen atom, 
and includes the groups methoxy, ethoxy, isopropoxy, and the like. The term "C3-C6 
3 0 cycloalkyl*' includes cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl moieties. The 



term "halo" includes fluoro, chloro, bromo, and iodo. 

1 

1 
1 

1 
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The term "(Q-C4 alkylene)-R is taken to mean a linear or branched alkylene 
chain substituted at any carbon atom with the variable R 8 and includes, for example, 
linear or branched alkyl chains, benzyl, and a-methylbenzyl moieties. Likewise, the term 
"(C1-C4 alkylene)-R 12 " is taken to mean a linear or branched alkylene chain substituted at 

19 

any carbon atom with the variable R and includes, for example, linear or branched alkyl 
chains, benzyl, and a-methylbenzyl moieties. 

The term "Q-C4 alkylene-OH" is taken to mean a linear or branched alkylene 
chain substituted at any carbon atom with a hydroxy group. 

The term "l,4-dioxaspiro[4.5]dec-8-yl" is taken to mean the following formula: 



/ \ 




The term "fully saturated C3-C4 carbon chain" is taken to mean a chain of 3 or 4 
methylene groups. The phrase "fully unsaturated C3-C4 carbon chain" is taken to mean a 
3-carbon chain containing one carbon-carbon double bond or a 4-carbon chain containing 
two carbon-carbon double bonds. 

The term "p-38 kinase" is taken to mean the p-38oc and/or p-38P kinase isoforms. 

The term "suppressing the production of TNF-a (BL-1 P, cytokine)" is taken to 
mean decreasing excessive in vivo levels of TNF-a, IL-lfJ, or another cytokine in a 
mammal to normal or sub-normal levels. This may be accomplished by inhibition of the 
in vivo release of TNF-a, IL-lp, or another cytokine by all cells, including macrophages; 
by down regulation, at the genomic level, of excessive in vivo levels of TNF-a, IL-lp, or 
another cytokine in a mammal to normal or sub-normal levels; by inhibition of the 
synthesis of TNF-ot, EL-ip, or another cytokine as a posttranslational event; or by a down 
regulation of TNF-a, IL-lp, or another cytokine at the transcriptional or translational 
level. 

The skilled artisan will appreciate that certain compounds of Formula I contain at 
least one chiral center. The present invention contemplates all individual enantiomers or 
diastereomers, as well as mixtures of the enantiomers and diastereomers of said 
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compounds including racemates. It is preferred that compounds of Formula I containing 
at least one chiral center exist as single enantiomers or diastereomers. The single 
enantioriaers or diastereomers may be prepared beginning with chiral reagents or by 
stereoselective or stereospecific synthetic techniques. Alternatively, the single 

enantiomers or diastereomers may be isolated from mixtures by standard chiral 

i 

chromatographic or crystallization techniques. The skilled artisan will also appreciate that 
the compounds of the present invention may exist as tautomers. The present invention 
contemplates all tautomeric forms. 

Furthermore, certain compounds of Formula I may exist as the geometric cis- and 
trails- isdmers. The present invention contemplates all individual geometric isomers as 

i 

well as mixtures of the geometric isomers of said compounds. It is preferred that 
compounds of Formula I exist as single geometric isomers. The individual isomers may 
be prepared selectively by methods known to the skilled artisan, or mixtures of the 
isomers niay be separated by standard chromatographic or crystallization techniques. 

It y/ill be understood by the skilled reader that most or all of the compounds of the 
present invention are capable of forming salts. In all cases, the pharmaceutically 

acceptable salts of all of the compounds are included in the names of them. The 

i 

compounds of the present invention are amines, and accordingly react with any of a 

number of inorganic and organic acids to form pharmaceutically acceptable acid addition 

i 

salts. Preferred pharmaceutically acceptable salts are those formed with hydrochloric 
acid, maleic acid, or methanesulfonic acid. 

It Will also be understood by the skilled reader that pharmaceutically acceptable 

solvates of compounds of Formula I are contemplated as part of this invention and may be 

i 

prepared by conventional methods such as dissolving the compounds of Formula I in 

i 

solvents su(Jh as water, methanol, ethanol, etc., and recrystallizing by using different 

i 

crystallization techniques. 

i 

i 

While all of the compounds of Formula I are useful inhibitors of p-38 kinase, certain 
classes of compounds are preferred. The following paragraphs describe such preferred 
classes: ' 

a) ' R° is hydrogen; 

b) R° is methyl; 

I 
I 

1 

1 
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C) 

d) 
e) 



0 < 



R is cyclopropyl; 
R° is cyclohexyl; 

R 1 is phenyl optionally substituted with one or two substituents 
individually selected from the group consisting of halo and 
trifluoromethyl; 





f) 


R 


is phenyl substituted with chloro; 




g) 


R 1 


is phenyl substituted with two chloros; 




h) 


R 1 


is phenyl substituted with two fluoros; 




i) 


R 1 


is phenyl substituted with fluoro and chloro; 


10 


j) 


R 1 


is phenyl substituted with trifluoromethyl; 




k) 


R 1 


is 4-chlorophenyl; 




1) 


R 1 


is 2,6-dichlorophenyl; 




m) 


R 1 


is 2,6-difluorophenyl; 




n) 


R 1 


is 2-chloro-6-fluorophenyl; 


15 


o) 


R 1 


is 2-fluoro-6-trifluoromethyl; 




P) 


R 1 


is methyl; 




q) 


R 1 


is ethyl; 




r) 


R 1 


is tert-butyl; 




s) 


R 1 


is isopropyl; 


20 


t) 


R 1 


is 2,2-dimethylpropyl; 




u) 


R 1 


is cyclopropyl; 




v) 


R 1 


is cvclohexvli 




w) 


R 1 


is hydrogen; 




x) 


R 2 


is hydrogen; 


25 


y) 


R 3 


is phenyl; 




z) 


R 3 


is phenyl substituted with one fluoro; 




aa) 


R 3 


is phenyl substituted with two fluoros; 




bb) 


R 3 


is 4-fluorophenyl; 




cc) 


R 3 


is 2,4-difluorophenyl; 


30 


dd) 


R 4 


is (C1-C4 alkyl)sulfonyl; 




ee) 


R 4 


is isopropylsulfonyl; 




ff) 


R 4 


is terf-butylsulfonyl; 
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m) R 4 is (C 3 -C 6 cycloalkyl)sulfonyl; 

to) R 4 is cyclopentylsulfonyl; 

ii) R 4 is cyclohexylsulfonyl; 

jj) R 4 is dimethylaminosulfonyl; 

**) R 5 is NR 9 R 10 ; 

U) R 5 is -NH 2 ; 

mm) R 5 i s hydrogen; 



10 




oo) i Wis (ii) 




pp) ; w is (iv) 

i 
I 

i 

i 



i 
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qq) W is ( v ) 
rr) X is N(R 4 ); 




ss) X is N(isopropylsulfonyl), R 5 is NH 2 , W is 



(i) 



or 



R 



R 

! 

.N 



o 



15 



R 

(ii) , R 3 is phenyl, and R 1 is phenyl optionally substituted 

with one to two halos or C1-C4 alkyl; 
tt) the compound of Formula I is a free base; 
uu) the compound of Formula I is a solvate; 

vv) the compound of Formula I is a pharmaceutically acceptable salt; 

ww) the compound of Formula I is the hydrochloride salt; 

xx) the compound of Formula I is the napadysilate salt; 

yy) the compound of Formula I is the dimaleate salt; 

zz) the compound of Formula I is the methanesulfonate salt. 
Preferred embodiments of the present invention include all combinations of a)-zz). 

The compounds of Formula I are inhibitors of p38 kinase. Thus, the present 
invention also provides a method of inhibiting p38 kinase in a mammal that comprises 
administering to a mammal in need of said treatment a p38 kinase-inhibiting amount of a 
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compound of Formula I. It is preferred that the mammal to be treated by the 
administration of the compounds of Formula I is human. 

As inhibitors of p38 kinase, the compounds of the present invention are useful for 
suppressing the production of the pro-inflammatory cytokines, tumor necrosis factor a 
5 (TNF-a) $nd interleukin-ip (IL-lfJ), and therefore for the treatment of disorders resulting 
from excessive cytokine production. The present compounds are therefore useful in 

treating inflammatory disorders, including eczema, atopic dermatitis, rheumatoid arthritis, 

i 

osteoarthritis, inflammatory bowel disease, and toxic shock syndrome. The compounds 

i 

of the present invention are also believed to be useful in the treatment of cardiovascular 
10 disorders, i such as acute myocardial infarction, chronic heart failure, atherosclerosis, viral 

myocarditis, cardiac allograft rejection, and sepsis-associated cardiac dysfunction. 

i 

Furthermore, the compounds of the present invention are also useful for the treatment of 
central nervous system disorders, such as meningococcal meningitis, Alzheimer's disease, 

! 

Parkinson? s disease, and multiple sclerosis. 

i 

15 Most solid tumors increase in mass through the proliferation of malignant cells 

i 

and stromal cells, including endothelial cells. In order for a tumor to grow larger than 2-3 

i 

millimeter's in diameter, it must form a vasculature, a process known as angiogenesis. 
Suppression of tumor-induced angiogenesis by angiostatin and endostatin has been 
reported t<$ result in antitumor activity (O'Reilly, et al., Cell, 88, 277-285 (1997)). The 
2 0 selective p38 kinase inhibitor SB22025 has been shown to inhibit angiogenesis (J.R. 

Jackson, e£ aL, J. Pharmacol. Exp. Therapeutics . 284, 687 (1998)). Because angiogenesis 
is a critical component of the mass expansion of most solid tumors, the development of 
new p38 kinase inhibitors for the inhibition of this process represents a promising 
approach for antitumor therapy. This approach to antitumor therapy may lack the toxic 

i 
i 

2 5 side effects or drug resistance-inducing properties of conventional chemotherapy (Judah 

i 

Folkman, Endogenous Inhibitors of Angiogenesis , The Harvey Lectures, Series 92, pages 
65-82, Wi^ey-Iiss Inc., (1998)). 

As inhibitors of p38 kinase, the compounds of the present invention, therefore, are 

also usefulin inhibiting growth of susceptible neoplasms. Schultz, R. M. Potential ofp38 

i 

3 0 MAP kinadf inhibitors in the treatment of cancer. In: E. Jucker (ed.), Progress in Drug 

Research , 60, 59-92, (2003). A susceptible neoplasm is defined to be a neoplasm that 

depends upjon p38 kinase for its survival, growth, or metastasis. Susceptible neoplasms 

i 

l 
i 

i 
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include tumors of the brain, genitourinary tract, lymphatic system, stomach, larynx, and 
lung (U.S. Patent #5,717,100). Preferably, the term "susceptible neoplasms" as used in 
the present application includes human cancers including non-small cell lung carcinoma 
(A. Greenberg, et aL, Am. J. Respir. Cell Mol. BioU 26, 558 (2002)), breast carcinoma (J. 
5 Chen, et aL, J. Biol. Chem. . 276, 47901 (2001); B. Salh, et aL, Int. J. Cancer , 98, 148 

(2002); and S. Xiong, et aL, Cancer Res. , 61, 1727 (2001)), gastric carcinoma (Y.D. Jung, 
et aL, Proc. Am. Assoc. Cancer Res. , 43, 9 (2002)), colorectal carcinomas (S. Xiong, et 
aL, Cancer Res. , 61, 1727 (2001)), and malignant melanoma (C. Denkert, et aL, Clin. Exp. 
Metastasis , 19, 79 (2002)). 

1 0 Inhibition of angiogenesis by suppression of TNF-a has also been taught to be 

useful in the inhibition or prevention of metastasis (U.S. Patent #6,414,150; U.S. Patent 
#6,335,336). Furthermore, suppression of TNF-a is indicated for the treatment and 
prevention of cachexia, a wasting syndrome experienced by about half of all cancer 
patients (T. Yoneda, et aL, J. Clin. Invest. , 87, 977 (1991)). 

15 Furthermore, inhibition of p38 kinase may be effective in the treatment of certain 

viral conditions such as influenza (K. Kujime, et aL , J. Immunology ., 164, 3222-3228 
(2000)), rhinovirus (S. Griego, et aL, J. Immunology , 165, 5211-5220 (2000)), and HTV 
(L. Shapiro, etaL, Proc. NatL Acad. Sci. USA , 95, 7422-7426, (1998)). 

Compounds of Formula I where W is imidazole (i) or (ii) and R 5 is -NH2 may be 

2 0 prepared as illustrated in the following scheme where "TBS" is defined to be tert- 

butyldimethylsilyl and all other variables are as previously defined. In the following 
scheme, only W= imidazole (i) is illustrated. This is not intended to limit the scope in any 
way. 

25 Scheme I 




A mixture of the a-ketosilylether (a) is heated with an appropriate aldehyde in the 
presence of copper(II) acetate and ammonium acetate in a suitable solvent, typically acetic 
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acid. The acid is neutralized and the desired imidazole (la) isolated by standard extractive 

i 
i 

and chromatographic techniques. 

The requisite a-ketosilylether (a) may be prepared as described in the following 
scheme Where "TBS" is defined to be terr-butyldimethylsilyl, R 5 is -NH2, and all other 
variables 1 are as previously defined. 



Scheme II 
OH 




OH 



0>) 



Me 

Me O (c) 



„ ^N- .Me 
Me O (d) 




(e) 




An appropriate a-hydroxyacid (b) is converted to the corresponding Weinreb 

1 

1 0 amide (c) under standard conditions. Briefly, the a-hydroxyacid (b) is converted to the 

! 

corresponding methyl ester and this ester is then reacted with N-methyl-O- 

1 

methylhy4roxylamine hydrochloride in the presence of trimethylaluminum in an 

i 

appropriate solvent. The a-hydroxyamide (c) is then treated with tert-butyldimethylsilyl 

I 

triflate in tthe presence of base under standard conditions to provide the ot-silylether amide 

1 

15 (d) (Tius, et al. (Tetrahedron . 56, 3339-3351 (2000)). Compound (d) is then coupled with 

6-iodobenzimidazole or 6-iodobenzothiazole (e) in the presence of isopropylmagnesium 

1 

chloride to provide the desired compound (a). The requisite iodobenzimidazole (e) may 

1 

be prepared from 2-aminobenzimidazole as described by Mitchell, et aL (Journal of 
Organic Chemistry . 63, 5050-5058 (1998)). 

2 0 Alternatively, 3,4-dinitrobenzoic acid (f) may be converted to the corresponding 

i 

Weinreb amide (g) by converting the benzoic acid to the corresponding benzoyl halide, 
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preferably by reaction with oxalyl chloride, and then reacting the benzoyl chloride with N- 
methyl-O-methylhydroxylamine in the presence of a suitable base, typically pyridine, to 
provide the corresponding amide. The amide (g) is then subjected to catalytic 
hydrogenation conditions to provide the corresponding diamine that is then treated with 
5 an appropriate sulfonyl halide in the presence of a base, typically pyridine, to provide the 
corresponding sulfonamide (h). This sulfonamide is first treated with base and then 
reacted with cyanogen bromide in a suitable solvent to provide the aminobenzimidazole 
(j). The aminobenzimidazole (j) is reacted with the anion generated from the silyl ether 
(k) and terf-butyllithium to provide the desired intermediate (a). The requisite silyl ether 
1 0 may be prepared from the corresponding alcohol under standard conditions (see , Greene, 
et aL, Protective Groups in Organic Synthesis . John Wiley and Sons Ed., 1981). 



Scheme III 




15 




R 



OTBS 



(k) 



O Me 



R (i) 




Alternatively, compounds of Formula I where W is the imidazole (i) may be 
prepared as illustrated in the following scheme where R is -NH2, R is hydrogen, and all 
other variables are as previously defined. 



20 
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Scheme IV 




i 



Diketone (1) is reacted with ammonium acetate and an appropriate aldehyde in an 
appropriate solvent, preferably acetic acid, to provide the corresponding imidazolyl 
5 benzimidazole or imidazolyl benzothiazole. The requisite diketones (1) may be prepared 

i 

as described in the following scheme, where all variables are as previously defined, 

[ 

i 

Scheme V 1 




(1) 

1 0 The appropriate alkynyl is coupled with 6-iodobenzimidazole or 6- 

iodobenzoihiazole (e) and then oxidized to provide the desired diketone compound (1) by 

the method of Khan, et aL (JOC, 17, 1063-1065 (1952)). 

Alternatively, the desired diketone compound may be prepared starting from a- 

ketosilyletljier (a), hydrolyzing the silyl group followed by oxidation. 
15 Compounds of Formula I where W is imidazole (ii) may be prepared as 

described in the following scheme where R 5 is -NH 2 and all other variables are as 

previously (defined. 

i 

i 



i 
i 

i 
i 

i 

i 
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Scheme VI 




React the heteroaryl iodide (e) with phenyllithium followed by terf-butyllithium at 
low temperature. The dianion is quenched with dimethylformamide and the 



5 corresponding aldehyde (m) is isolated under standard conditions. This aldehyde is then 
reacted with an appropriate amine (n) in a suitable solvent, typically dimethylformamide, 
to form the corresponding imine (o). This imine is then reacted with an appropriately 
substituted /?-toluenesulfonylmethyl isocyanate (p) in methanol with a primary alkyl 
amine at reflux to provide the desired compound (lb). The requisite amines (n) are either 
10 commercially available or may be prepared by methods well known to the skilled artisan. 
The requisite p-toluenesulfonylmethyl isocyanates (p) may be prepared as described in the 
following scheme where all variables are as previously defined. 



15 



Scheme VII 




R 3 -CHO 




XXX 



formamide H y ^ ^ ( q ) CN ^ Q 4 (p) 

SO.H H °0 



v 



A mixture of p-toluenesulflnic acid, formamide, and an appropriate aldehyde are 
combined and heated together in the presence of a suitable acid to provide the N-formyl 
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p-toluenesulfonylmethylamine (q). The intermediate (q) is reacted with a suitable 
dehydrating agent, typically phosphorus oxychloride, to provide the isocyanide (p). The 
requisite [aldehydes are either commercially available or may be prepared by standard 
methods [well known in the art. 

Compounds of Formula I where W is a thiazole (vii) may be prepared as 
illustrated in the following scheme where R 5 is -NH2 and all other variables are as 
previously defined. 



Scheme vm 



10 



15 



20 



R 



Br 

(r) 



(t) 




(e) 



N 




R 



(Ic) 



AA appropriate a-haloketone (r) is reacted with an appropriate thioamide (s) in a 
suitable solvent to provide thiazole (t). This thiazole is treated n-butyllithium and the 
resulting ajnion is reacted with tributyltin chloride to provide the tin derivative (u). This 
intermediate is coupled with l-(isopropylsulfonyl)-2-amino-6-iodobenzimidazole or 2- 
arruno-6-ipdobenzothiazole (e) in the presence of a palladium catalyst under standard 
conditions! to provide the desired compound (Ic). 

The requisite oc-haloketones are either commercially available or may be 
prepared by standard conditions from the corresponding carbonyl compound, for 
example, a|s described by House (H.O. House, Modern Synthetic Reactions , W.A. 

Benjamin, 'inc., Menlo Park, California (1972), pages 459-478) andLarock (R.C. 

i 

Larock, Comprehensive Organic Transformations , VCH Publishers, Inc., New York, 
New York i (1989), pages 369-471, 755). The requisite thioamides are either 
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commercially available or may be prepared by standard methods well known to the 
skilled artisan, for example, by treatment of an appropriate amide with [2,4-bis(4- 
methoxyphenyl)-l ,3-dithia-2,4-diphosphetane-2,4-disulfide] (Lawesson's Reagent). 

Compounds of Formula I where W is the pyrazole (v) may be prepared as 
illustrated in the following scheme where R 5 is -NEfe and all other variables are as 
previously defined. 



Scheme IX 




The appropriate pyrazol-5-one is brominated with an appropriate brominating 
agent such as phosphorus oxybromide to obtain the appropriate 5-bromo-lH-pyrazole. 
The pyrazole is then coupled-with the appropriate benzimidazole 6-boronic acid to 
arrive at the appropriate pyrazolyl benzimidazole. 

Alternatively, compounds where W =(iv) may be prepared as illustrated in the 
following scheme where R 5 is -NHa and all other variables are as previously defined. 
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Scheme X 




R 4 -C1 



NO. 







10 




An appropriate alkynyl is coupled with a suitable chloride compound and then 

i 

oxidized tq form the ketone. The ketone is reacted with anhydrous hydrazine and an 

i 

appropriate^ aldehyde in an appropriate solvent to form the pyrazole. The nitro group is 

reduced and ring closure is effected to arrive at the appropriate pyrazolyl benzamidazole. 

Compounds of Formula I where W is the pyrazolone (vi) may be prepared as 

illustrated iji the following scheme where R 5 is -NH2 and all other variables are as 

1 

previously defined. 
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Scheme XI 



(e) 



IBX, DMSO, rt 



OHC 




x , LiHMDS, THF, -78°C 
^-R 5 - ^ HO 



O 



R 



(m) 




OEt 





R 1 NHNH, 



Toluene, reflux 




5 The dianion of 6-iodobenzimidazole (e) is prepared by sequential treatment with 

phenyllithium followed by terf-butyllithium at low temperature. The dianion is quenched 
with dimethylformamide and the corresponding aldehyde (m) is isolated under standard 
conditions. This aldehyde is then reacted with an appropriate ethyl acetate followed by 
oxadation to obtain the diketobenzamidazole. The diketobenzimidazole is reacted with 
1 0 the appropriate hydrazine compound and refluxed in the presence of toluene to obtain the 
desired pyrazolone benzimidazole. 

Compounds of Formula I where W is an imidazole (viii) and X= N(R 4 ) may be 
prepared as illustrated in the following scheme where all variables are as previously 
15 defined. Please note that that the 2-phenyl attached to the imidazole is shown 
unsubstituted, but may in fact be substituted. 



Scheme XII 
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I^aramethoxy-benzylmethylamine is coupled with an appropriate sulfonyl chloride, 
The amine is then protected and the resulting compound coupled with 2-phenyl imidazol- 
3-yl. Thje amine is deprotected and benzimidazole constructed as in Scheme HI. 

Compounds of Formula I where W is a triazole (ix) may be prepared as illustrated 

i 

in the following scheme where R 5 is — NH 2 and 11 variables are as previously defined. 



Scheme Xm 



10 



15 



20 



JO. 



Br 






J 



N 



N 




The dibromobenzene is nitrated followed by animation. The resulting nitroaniline 

i 

is then coupled with an appropriate phenylacetylene to provide the corresponding 
diphenylacfetylene The sulfonamide is formed by addition of an appropriate sulfonyl 
halide and the triazole is formed by addition of a source of azide, typically sodium azide. 
The benzimidazole is then prepared as previously described. 

Many of the compounds of the present invention are not only inhibitors of p38 
kinase, butj are also useful intermediates for the preparation of additional compounds 
of the present invention. For example, primary and secondary amines may be 
acylated, alkylated or coupled with carboxylic acids or amino acids under standard 
peptide coupling conditions. Furthermore, ester moieties may be reduced to the 
corresponding alcohols or converted to amides under standard conditions. Alcohols 
may be activated and displaced by a number of nucleophiles to provide other 
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compounds of the invention. Such leaving groups include but are not limited to 
halides, oxonium ions, alkyl perchlorates, ammonioalkanesulfonate esters, alkyl 
fluorosulfonates, nonaflates, tresylates, triflates, and sulfonic esters, preferably the 
methane sulfonate or tosylate. Techniques for the introduction of these groups are 
5 also well known to the skilled artisan; see, for example, March, Advanced Organic 
Chemistry , 5 th Ed., John Wiley and Sons, New York, pg. 445-449 (2001). 
Additionally, the 2-amino moiety of the benzimidazole nucleus may be diazotized and 
displaced to provide the corresponding halo deriviatives under standard conditions. 
These compounds may then be reacted with a variety of amines under standard 

1 0 conditions to provide additional compounds of Formula I. Furthermore, the 
diazoammonium compounds may be reduced to provide the corresponding 
unsubstituted compounds. 

The skilled artisan will also appreciate that not all of the substituents in the 
compounds of Formula I will tolerate certain reaction conditions employed to synthesize 

15 the compounds. These moieties may be introduced at a convenient point in the synthesis, 
or may be protected and then deprotected as necessary or desired. The skilled artisan will 
appreciate that the protecting groups may be removed at any convenient point in the 
synthesis of the compounds of the present invention. Methods for introducing and 
removing nitrogen and oxygen protecting groups are well known in the art; see, for 

2 0 example, Greene and Wuts, Protective Groups in Organic Synthesis , 3 rd Ed., John Wiley 
and Sons, New York, Chapter 7 (1999). Furthermore, the skilled artisan will appreciate 
that in many circumstances, the order in which moieties are introduced is not critical. The 
particular order of steps required to produce the compounds of Formula I is dependent 
upon the particular compound being synthesized, the starting compound, and the relative 

2 5 lability of the substituted moieties. 

* 

Preparation 1 
l-isopropylsulfonyl-2-amino-6-formylbenzimidazole 
Add phenyllithium (750 mL, 1.8 M in cyclohexane/ether, 70/30) over 1 hour to a 

3 0 solution of l-isopropylsulfonyl-2-amino-6-iodobenzimidazole (150 g, 0.41 mol) in tetra- 

hydrofuran (5.6 L) at -76°C. Stir for 15 minutes and then add tert-butyllithium (750 ml, 
1 .7 M in pentane). After 1 hour add dimethylformamide (250 mL) slowly over one hour 
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1 

\ 

\ 

I 

and then warm to 0°C. Quench by pouring the reaction mixture into a mixture of cold 

i 

saturated aqueous ammonium chloride (500 g, 5 L) and concentrated hydrochloric acid 

i 

(300 mL). Separate the layers, wash the organic phase with water and then concentrate 

i 

under reduced pressure. Slurry the residue in methanol (500 mL), filter the yellow 
precipitate, and dry to provide 85 g (76%) of the title compound. 
^-NMR; (DMSO-dg): § 9.89 (s, 1H), 7.97 (s, 1H), 7.76 (d, 1H), 7.43 (s, 2H), 7.37 (d, 
1H), 3.9^ (m, 1H), 1.35 (m, 6H). 



Preparation 2 



1 0 \ ce-(p-toluenesulf onyl)benzylisocyanide 



Step A. \ N-rformyll q-(p4oluenesulfonyl)benzylamine 
Method A. 

Add concentrated hydrochloric acid (3 mL) dropwise to a solution of p-toluene- 
1 5 sulfinic acid sodium salt in water (20 mL) and tert-butyl methyl ether (10 mL). Stir for 10 

minutes and then separate the layers. Wash the organic layer with saturated aqueous 

i 

sodium chloride, dry over sodium sulfate and concentrate under reduced pressure to 
provide 5 g of p-toluenesulfinic acid. Combine this acid with benzaldehyde (4.75 g, 44.8 
mmol), formamide (4.9 g, 0.11 mol), and camphorsulfonic acid (0.86 g, 3.7 mmol) and 
2 0 heat to 60°<+ for 18 hours. Remove the reaction from the heat and slurry the white solid in 
3:1 hexanesl:methanol. Filter the slurry to provide 7.6 g (82%) of the desired product as a 
white solid. J H-NMR (DMSO-de): § 9.75 (d, 1H), 7.98 (s, 1H), 7.69 (d, 2H), 7.53 (d, 
2H), 7.39 (m, 5H), 6.36 (d, 1H), 2.38 (s, 1H). 

i 

i 



25 Method B. 

Treat! a solution of p-toluenesulfinic acid sodium salt, (6.0 g, 33.7 mmol) in H 2 0 

(20 mL) and terf-butyl methyl ether (10 mL) dropwise with concentrated HC1 (3 mL) and 

i 

stir for 10 minutes. Separate the solution in a separatory funnel and wash the organic 

i 

layer with saturated aqueous sodium chloride. Dry the organic over Na 2 S0 4 , filter, and 
3 0 remove the solvent to afford 5.2 g (quantitative) of p-toluenesulfinic acid. Combine the 
acid with benkaldehyde (2.4 g, 22.5 mmol), formamide (3.8 g, 84.2 mmol), and 
trimethylsilylehloride (TMSC1) (4.0 g, 37.0 mmol) in 30 mL of a 1:1 solution of 
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toluene/acetonitrile. Heat the reaction to 50°C and stir for 5 hours. Cool the reaction and 
dilute in H 2 0 (100 mL) and te^butyl-methylether (TBME) (30 mL). Cool the solution in 
an ice bath, then filter to afford 4.5 g (70%) of desired product. Dry the solid under 
vacuum overnight to remove any residual water. 1 H-NMR (DMSO): 9.75 (d, 1H), 7.98 
5 (s, 1H), 7.69 (d, 2H), 7.53 (d, 2H), 7.39 (m, 5H), 6.36 (d, 1H), 2.38 (s, 1H). 

Step B. Dehydration 

Cool a solution of N-[formyl] a-(p-toluenesulfonyl)benzylamine (7.0 g, 0.024 
mol) in dimethoxyethane (200 mL) to -10°C. Add phosphorus oxychloride (5.6 mL, 0.06 
mol) followed by the dropwise addition of triethylamine (16.8 mL, 0.12 mol) in 
dimethoxyethane (10 mL) maintaining a reaction temperature below -5°C. Warm the 
reaction mixture gradually over 1 hour, add water and extract with ethyl acetate. Separate 
the layers, wash the organic phase with saturated aqueous sodium bicarbonate, dry over 
sodium sulfate, and concentrate under reduced pressure to provide 6.5 g of the title 
compound. MS(ES~): m/z = 270.1 (M-H)' 

The compounds of Preparations 3-4 are prepared essentially as described in 



Preparation 2 using method A in the first step. 



Prep. 


Compound 


MS(ES"): m/z = 


3 


a-(p-toluenesulfonyl)-4-fluorobenzylisocyanide 


288.1 (M-H)" 


4 


a-(p-toluenesulfonyl)-a-(thien-3-yl)methylisocyanide 


276.0 (M-H)- 



2 0 The compounds of Preparations 5-8 are prepared essentially as described in 

Preparation 2 using method B in the first step. 



Prep. 


Compound 


MS(ES ): m/z = 


5 


a-(p-toluenesulfonyl)-3-fluorobenzylisocyanide 


288.2 (M-H)" 


6 


a-(p-toluenesulfonyl)-2-fluorobenzylisocyanide 


288.2 (M-H)" 


7 


a-(p-toluenesulfonyl)-2,4-difluorobenzylisocyanide 


306.3 (M-H)" 


8 


a-(p-toluenesulfonyl)-2,3-difluorobenzylisocyanide 


306.3 (M-H)" 
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i Preparation 9 

N-[ 1 -(ethoxycarbonyl)piperidin-4-yl] ((1 -isopropylsulf onyl-2-amino-6-formyl)- 

i benzimidazole)-imine 

i 

Combine l-isopropylsulfonyl-2-amino-6-formylbenzimidazole (1.0 g, 3.7 mmol) 
and l-(etjhoxycarbonyl)-4-aminopiperidine (0.64 g, 3.7 mmol) in dimethylformamide (5 
mL) and stir at room temperature over night. Dilute the reaction mixture with ethyl 
acetate (^0 mL) and wash sequentially with water (2x10 mL) and saturated aqueous 
sodium chloride (2x10 mL). Dry the remaining organic phase over sodium sulfate and 
concentrate under reduced pressure to provide 1.5 g (95%) of the title compound. 
MS(ES ):\m/z = 422.2 (M-H)\ 

The compounds of Preparations 10-41 are prepared essentially as described in 
Preparation 9. In some examples, addition of one equivalent of triethylamine is needed to 
get complete conversion to the imine derivative. 



rrcp. 


i^oinpouna 




10 


N4[l-(benzyl)piperidin-4-yl] ((1 -isopropylsulf onyl-2-amino-6- 
foimyl)-benzimidazole)-imine 


439.9 (M+H) + 


11 


N-![2-(morphoUn-4-yl)eth- 1 -yl] ((1 -isopropylsulf onyl-2-amino~ 
6-fonnyl)-benzimidazole)-imine 


379.9 (M+H) + 


12 


N- [3 -(morpholin-4-yl)prop- 1 -yl] (( 1 -isopropylsulf onyl-2- 
anrino-6-fonnyl)-benzimidazole)-imine 


393.9 (M+H) + 


13 


N-[l,4-dioxaspiro[4.5]dec-8-yl] ((1 -isopropylsulf onyl-2- 
amino-6-formyl)-benziiriidazole)iiriine 


406.9 (M+H) + 


14 


N- j|4-hydroxycyclohex- 1 -yl] (( 1 -isopropylsulf onyl-2-amino-6- 
foqnyl)-benziimdazole)~imine 


364.9 (M+H) + 


15 


N-fpyclohexyl] ((1 -isopropylsulf onyl-2-amino-6-formyl)-benz- 
imidazole)-imine 


348.9 (M+H) + 


16 


N-[methyl] ((l-isopropylsulfonyl-2-amino-6-formyl)- 
benzimidazole)-imine 


280.9 (M+H) + 


17 


N- [3 -(phenyl)prop- 1 -yl] ( 1 -i sopropylsulf onyl-2-ami no-6- 
fonpylbenzimidazole)-imine 


384.9 (M+H) + 


18 


N- [2-(methoxy)eth- 1 -yl] ((1 -isopropylsulf onyl~2-amino-6- 
formylbenzimidazole)-imine 


324.9 (M+H) + 


19 


N-[2-((ter^butoxycarbonyl)amino)eth- 1 -yl] ((1 -isopropylsul- 
fonyl-2-amino-6-formyl)-benzimidazole)-imine 


409.9 (M+H) + 


20 


N- [tetrahydropyran-4-yl] (( 1 -i sopropylsulf onyl-2-amino-6- 
fonriyl)-benzimidazole)-imine 


350.9 (M+H) + 


21 


N-[4r((fer?-butoxycarbonyl)amino)cyclohex-l-yl] ((1-iso- 
propylsulfonyl-2-amino-6-formyl)-benzimidazole)-imine 


463.9 (M+H) + 


22 


N-[2)-hydroxyeth-l-yl] ((l-isopropylsulfonyl)-2-amino-6- 
formyl)-benzimidazole)-imine 


311.0 (M+H) + 
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23 


N-[(pyridin-4-yl)methyl] ((1 -isopropylsulf onyl-2-amino-6- 
formyl)-benzimidazole)-imine 


357.9 (M+H) + 


24 


N-[2,4-difluorobenzyl] ((l-isopropylsulfonyl-2-amino-6- 
forniyl)-benzimidazole)-imme 


392.9 (M+H) + 


25 


N-[4-fluorobenzyl] ((1 -isopropylsulf onyl-2-amino-6-formyl)- 
benzimidazole)-imine 


374.9 (M+H) + 


26 


N-[2,2,6,6-tetramethylpiperidin^t--yl] ((1 -isopropylsulf onyl-2- 
armno-6-foraiyl)-benzimidazole)-imine 


406.0 (M+H) + 


27 


N-[(pyridin-3-yl)methyl] ((1 -isopropylsulfonyl-2-amino-6- 
fonnyl)-benzimidazole)-imine 


357.9 (M+H) + 


28 


N-[(pyridin-2-yl)methyl] (( 1 -isopropylsulf onyl-2-amino-6- 
fonnyl)-benzimidazole)-imine 


357.9 (M+H) + 


29 


N-[(cyclopropyl)methyl] ((l-isopropylsulfonyl-2-amino-6- 
formyI)-benziimdazole)-imine 


321.0 (M+H) + 


30 


N-[3-fluorobenzyl] (( 1 -isopropylsulf onyl-2-amino-6-f ormyl)- 
benzinudazole-)-imine 


375.0 (M+H) + 


31 


N- [2-fluorobenzyl] (( 1 -isopropylsulf onyl-2-amino-6-f ormyl)- 
benzimidazole)-imine 


375.0 (M+H) + 


32 


N-[ [(i?)-phenyl]-2-hydroxyeth-l-yl] ((l-isopropylsulfonyl-2- 
airano-6-iormylbenzimidazole)-imine 


386.9 (M+H) + 


33 


N- [(fra«s-4~hydroxy)cyclohexyl] (( 1 -isopropylsulf onyl-2- 
aimno-6-iormyl)-benzinudazole)-imine 


365.0 (M+H) + 


34 


N-[(cz5-2-hydroxymethyl)cyclohexyl] ((l-isopropylsulfonyl-2- 
amino-6-formyl)-benzimidazole)-iinine 


379.0 (M+H) + 


35 


N- [4-terf-bulylcyclohexyl] (( 1 -i sopropylsulf onyl-2-amino-6- 
fonnyl)-benzimidazole)-iruine 


405.0 (M+H) + 


36 


N- [ [ (5)-phenyl] -2-hydroxyeth- 1 -yl] (( 1 -isopropylsulf onyl-2- 
amino-6-formyl)-benzimidazole)-imine 


387.0 (M+H) + 


37 


N- [(S)-(l -hydroxy-3 -cyclohexyl)prop-2-yl] ((1 - 
isopropylsulfonyl-2-airano-6-fonnyl)-benziimdazole)-imine 


407.1 (M+H) + 


38 


N-[ethyl] ((l-isopropylsulfonyl-2-amino-6-formyl)- 
benzimidazole)-imine 


295.2 (M+H) + 


39 


N-[cyclopropyl] ((1 -(isopropylsulf onyl-2-amino-6-formyl)- 
benzimidazole)-imine 


307.2 (M+H) + 


40 


N-[cyclopentyl] ((1 -(isopropylsulf onyl-2-amino-6-formyl)- 
benzimidazole)-imii»e 


335.3 (M+H) + 


41 


N-[ter*-butyl] ((l-isopropylsulfonyl-2-amino-6-formyl)- 
benzimidazole)-imine 


323.3 (M+H) + 



Preparation 42 

N-[methyl] N-[methoxy] l-(isopropylsulfonyl)-2-aminobenzimidazole-6-carboxaruide 



A. N-rmethvll-N-rmethoxvl 3,4-dinitrobenzamide 
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C[ool a mixture of 3,4-dinitrobenzoic acid (195 g, 0.92 moles), 1.3 L of dry 
dichlororiaethane, and 2 mL dimethylformamide to -12°C under a nitrogen atmosphere. 
Add oxalyl chloride (134 ml, 1.54 moles) dropwise via addition funnel over 35 minutes 
and stir the reaction mixture at room temperature under a nitrogen atmosphere overnight. 
5 Remove excess oxalyl chloride from the reaction mixture by repetitive cycles of 

concentring a dichloromethane solution of the reaction mixture under reduced pressure. 
Cool a mixture of the residue in 1 L dichloromethane to -5°C under a nitrogen 
atmosphere and add N,0-dimethylhydroxylamine hydrochloride (98.7 g, 1.01 moles) 
followed by the careful addition of 209 mL (2.62 moles) of dry pyridine in portions. Stir 

1 0 the mixture at room temperature for 4 hours and then concentrate under reduced pressure. 
Suspend the residue in 500 mL dichloromethane and concentrate under reduced pressure 
twice. Sujspend the residue in 500 mL dichloromethane and filter. Store the filtrate at 
-13°C for 3 days, filter the solid and rinse with cold dichloromethane. Dilute the filtrate 
with water (40 mL) and stored at — 13°C again to provide a second crop. Dry the 

15 combined! crops under reduced pressure to provide 182 g (77%) of the desired compound. 



i 

B. NHtoethvll N-fmethoxvl 3,4-diaminobenzamide 

Add 18.0 g of 10% weight Pd/C catalyst to a solution of N-[methyl] N-[methoxy] 

3,4-dinitr0benzamide (182 g, 0.712 moles) in 900 mL tetrahydrofuran and 900 mL 

i 

2 0 ethanol under a nitrogen atmosphere. Hydrogenate at room temperature for 6 hours under 

i 

60 p.s.i. Filter the mixture through Celite® and concentrate the filtrate under reduced 
pressure. Suspend the residue in 500 mL dichloromethane, concentrate under reduced 
pressure and dry the residue under reduced pressure to provide 135 g (97%) of the desired 

compound. 

25 i 

i 

C. N-fmethvll N-Fmethoxvl 3-risopropvlsulfonvDamino-4-aminobenzamide 

Add dry pyridine (234 mL, 2.94 moles) to a cold (0°C) solution of N-[methyl] N- 

[methoxy]t3,4-diaminobenzamide (135 g, 0.69 moles) in 1 liter of dry dichloromethane 

i 

under a nitrogen atomosphere. Add isopropylsulfonyl chloride (85.4 mL, 0.76 moles) at 

i 

3 0 0°C over 30 minutes, stir the mixture 0°C for another 30 minutes, and then at room 

temperature overnight. Concentrate the reaction mixture under reduced pressure and 

partition th|e residue with diethyl ether (1 L) and 5 N hydrochloric acid (1 L). Separate the 

i 
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layers, discard the diethyl ether layer, add ethyl acetate (1.5 L) to the aqueous layer and 
stir while adding solid sodium carbonate until pH = 6.5. Extract the aqueous layer using 
ethyl acetate, wash the combined organic layers, dry over magnesium sulfate and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography 
5 eluting with a gradient 65:3 ethyl acetatezhexane to 100% ethyl acetate to provide a 40% 
yield of the desired compound. 

D. Imidazole Ring Formation 

Add 5 N sodium hydroxide (55 mL) over 1 hour to a suspension of N-[methyl] N- 

10 [methoxy] 3-(isopropylsulfonyl)amino-4-aminobenzamide (83 g, 0.28 moles) in 550 mL 
of isopropyl alcohol and 28 mL of water. Stir the reaction mixture for an additional hour 
and then cool to 3°C. Add cyanogen bromide (29.0 g, 0.27 moles) in portions and stir at 
room temperature over night, at reflux for 5 hours, and then at room temperature 
overnight. Add ethyl acetate (1.5 L), stir vigorously and then filter the resulting 

15 suspension. Wash the filtrate with saturated aqueous sodium chloride, dry over 

magnesium sulfate and then concentrate to about X A volume. Filter the suspension and 
wash the solid with cold ethyl acetate. Concentrate the filtrate under reduced pressure and 
crystallize the residue from ethyl acetate to provide a second crop. The combined crops 
provide a 60% yield of the title compound. MS(FD + ): rn/z = 326 (M+H) + 

20 

Preparation 43 

N- [methyl] N- [methoxy] 2«(/erf-butyldimethylsilyl)oxy-2-(4-fluorophenyl)acetamide 

A. Methyl p-fluoromandelate 

2 5 Add potassium carbonate (12 g, 87 mmol) followed by iodomethane (7.37 mL, 

118 mmol) to a 0°C solution of p-fluoromandelic acid (79 mmol, 13.4 g) in 160 mL dry 
dimethylformamide under a nitrogen atmosphere. Stir the resulting mixture at 0°C for 1 
hour and at room temperature over night. Pour the reaction mixture over ice, dilute with 
water and ethyl acetate, and extract the aqueous layer three times with ethyl acetate. 

3 0 Wash the combined organic layers with cold water and saturated aqueous sodium 

chloride, dry over sodium sulfate and concentrate under reduced pressure to provide 12.7 
g (87%) of the desired compound as a light yellow oil. 



BNSDOCID: <WO 



20040 14900A1 l_> 



WO 20^4/014900 PCT7US2003/019890 

i -32- 

i 



B. N-("methyl1 N-rmethoxvl 2-hydroxy-2-(4-fluorophenvl)acetamide 

Gool a mixture of N-methyl-O-methyl hydroxylamine hydrochloride (118 mmol) 
and toluene (125 mL) to -5°C. Slowly add trimethylaluminum (2 M in heptane, 59.2 mL, 

i 

118 mmol) to the mixture over 20 minutes, maintaining the reaction temperature from -1 

i 

to 8°C. After about 5 minutes slowly warm the mixture to room temperature and stir for 

i 

1.5 hour^. Add a solution of methyl p-fluoromandelate (1 1.1 g, 60 mmol) in 75 mL of 
toluene over 30 min without external cooling. Cool the reaction to 0°C and quench with 
10% hydrochloric acid. Extract with ethyl acetate (4 X 250 mL). Wash the combined 
ethyl acetate layers sequentially with water and saturated aqueous sodium chloride, dry 
over sodium sulfate and concentrate under reduced pressure to provide 12.1 g (82%) of 
the desirejd compound. 



C. OSilvlation 

i 

Add triethylamine (17.2 mL, 123 mmol) followed by ^rr-butyldimethylsilyl 
triflate (20.8 mL, 90 mmol) to a 0°C solution of N-[methyll N-[methoxy] 2-hydroxy-2-(4- 
fluorophenyl)acetamide (12.1 g, 62 mmol) in 180 mL of dichloromethane under a 
nitrogen atmosphere. Stir the reaction mixture at 0°C for 1 hour and at room temperature 

i 

for 4 houijs. Add a saturated aqueous solution of ammonium chloride and dilute with 

i 

diethyl etljier. Wash the organic layer sequentially with water and saturated aqueous 

i 

sodium chloride, dry over sodium sulfate, and concentrate under reduced pressure. Purify 
the residue by silica gel chromatography, eluting with 9:1 hexane:ethyl acetate to provide 
the title compound as a yellow oil in 55% yield. 



Preparation 44 

S N-[methyl] N-[methoxy] 2-(ferf-butyldimethylsilyl)oxy-2-(4- 
; (trifluoromethyl)phenyl)acetamide 
Beginning with p-(trifluoromethyl)mandelic acid, prepare the title compound 
essentially as described in Preparation 43. 
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Preparation 45 

l-isopropylsulfonyl-2-amino-6-(a-((^rf-butyldimethylsilyl)oxy 

benzimidazole 

Add isopropylmagnesium chloride (2.0 M in THF, 235 mL, 470 mmol) over 15 
5 minutes to a solution of l-isopropylsulfonyl-2-aroino-6-iodobenzimidazole (42.9 g, 118 
mmol) in tetrahydrofuran (850 mL) at -70°C under a nitrogen atmosphere. Stir for 1 hour 
at 0°C and then add a solution of N- [methyl] N-[methoxy] 2-(/m-butyldimethylsilyl)oxy- 
2-(phenyl)acetamide (90.0 g, 294 mmol) (Tius, et al., Tetrahedron , 56, 3339-3351 (2000)) 
in tetrahydrofuran (150 mL) via cannula. Stir the resulting slurry at 0-5°C for 1 hour and 
10 then at room temperature for 1.5 hours. Cool the mixture to 10°C and then add saturated 
aqueous ammonium chloride. Stir the mixture 15 minutes and separate the layers. 
Extract the aqueous layer with ethyl acetate (400 mL), dry the combined organic layers 
over sodium sulfate, and concentrate under reduced pressure. Purify the residue by silica 
gel chromatography, eluting with 1-10 % acetonitrile in dichloromethane containing 0.5% 
15 triethylamine to provide a 50% yield of the title compound as a white solid. 
MS(ES + ): m/z = 488.1 (M+H) + 

The compounds of Preparations 46-47 are prepared essentially as described in 



Preparation 45. 



Prep. 


Compound 


MS(ES + ): m/z = 


46 


l-isopropylsulfonyl-2-amino-6-(a-((ferr-butyldimethylsilyl)- 
oxy)-a-((4-fluorophenyl)acetyl))benzimidazole 


506.2 (M+H) + 


47 


l-isopropylsulfonyl-2-amino-6-(a-((ferr-butyldimethylsilyl)- 
oxy)-a-((4-trifluoromethyl)phenyl)acetyl)benzirnidazole 


566.2 (M+H) + 



2 0 Preparation 48 

Alternate Synthesis of l-isopropylsulfonyl-2-amino-6-(a-((ferr-butyldimethylsilyl)oxy)-a- 

(phenyl)acetyl)benzimidazole 
Add terf-butylhthium (1.5 M solution, 5.8 mL, 8.65 mmol) slowly to a solution of 
0-(ter^butyldimethyl)silyl benzyl alcohol (1.9 g, 8.54 mmol) in 40 mL of anhydrous 
2 5 tetrahydrofuran at -78°C under a nitrogen atmosphere. Stir the solution for 3.5 hours, 

allowing the reaction to warm to -25°C. Cool to -35°C and add a solution of N-[methyl] 
N-[methoxy] l-isopropylsulfonyl-2-airtinobenzimidazole-6-carboxamide (0.7 g, 2.13 
mmol) in 24 mL of anhydrous tetrahydrofuran. Stir the reaction for 1 hour while slowly 
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warming to 0°C. Add saturated aqueous ammonium chloride and dilute with ethyl 
acetate. Extract the aqueous layer with ethyl acetate, wash the combined organic layers 
sequentially with water and saturated aqueous sodium chloride, dry over sodium sulfate 
and concentrate under reduced pressure. Purify the residue by silica gel chromatography, 
eluting \^ith 5:1 dichloromethane:acetonitrile to provide 730 mg (70%) of the title 
compound. MS(ES*): m/z = 488.1 (M+H) + 



1 Preparation 49 

i 

1 1 -isopropylsulf onyl-2-amino-6-(a-((^/t-butyldimethylsilyl)oxy)-a-(3 - 

i 

i 

1 0 1 (trifluoromethyl)phenyl)acetyl)-benzimidazole 

i 

Beginning with 0-(^rt-butyldimethyl)silyl-3-(trifluoromethyl)benzyl alcohol, 
prepare the title compound essentially as described in Preparation 48 (83% yield). 

MS0ES+)} m/z = 556.2 (M+H) + 

i 

i 

15 i Preparation 50 

! 

1 -isopr^pylsulfonyl-2-amino-6-(a^ 

i 

A<Jd hydrofluoric acid (48% aq, 14.6 mL) to a suspension of 1-isopropylsulfonyl- 
2-amino-Q-(a-((terf-butylchmefo^ (7.3 g, 

i 
i 

14.4 mmol) in acetonitrile (60 mL) at room temperature. The clear solution is stirred for 

i 

2 0 2.5 hours at room temperature. Collect the resulting white solid by filtration, and wash it 
with additional acetonitrile (25 mL). Dry the white solid under vacuum to provide 5.49 g 
(97%) of the tide compound. MS(ES + ): m/z = 392 (M+H) + 



Preparation 51 

I 

i 

25 1 -isoprojpylsulf onyl-2-amino-6-(2-(4-fluorophenyl)-ethane- 1 ,2-dione)-benzimidazole 

Add l-hydroxy-l,2-benzoiodooxol-3(lH)-one-l-oxide (IBX) (2.83 g, 10.11 
mmol) to a, solution of l-isopropylsulfonyl-2-amino-6-(a-hydroxy)-a-(4- 
fluorophenyl)acetyl)-beiizimidazole (3.16 g, 8.08 mmol) in anhydrous dimethylsulfoxide 
(25 mL). After 2 hours, add sodium thiosulfate (saturated aqueous solution, 50 mL) and 

3 0 stir at room| temperature for 5 minutes. Add water and extract with ethyl acetate. Wash 
the organic | layer with aqueous saturated sodium chloride and dry (MgS04). After solvent 
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evaporation, purify the crude by column chromatography to provide 2.08 g (74% yield) of 
the title compound as a pale yellow solid. MStjES*): m/z = 390 (M+H) + 

Preparation 52 

5 l-isopropylsulfonyl-2-ainino-6-(phenylethynyl)-benzimidazole 

Under a nitrogen atmosphere, combine l-isopropylsulfonyl-2-amino-6-iodo 
benzimidazole (400 g, 1.095 moles), bis(triphenylphosphine) palladium(IT)acetate (32.8 g, 
0.044 moles), and Cul (41.7 g, 0.219 moles), followed by DMSO (8.4 L) and 
triethylamine (317 g, 3.133 moles). Stir the resulting mixture at 20 to 25°C for 15 

10 minutes, followed by the addition of phenylacetylene (168 g, 1.645 moles) over 30 

minutes giving a temperature rise to 34°C. Cool the reaction slowly to 20 to 25°C, and 
after 15 hours, quench an aliquot of the reaction into water and dilute with CH3CN for 
HPLC analysis. The HPLC chromatogram (Column:Zorbax SB-C8, 4.6 x 250 mm, 5 
micron UV = 218 nm, gradients acetonitrile/ buffer) indicates complete consumption of 

1 5 the iodide with the production of two new less polar products (desired product and 

phenylacetylene dimer). Add water (4 L) to the reaction over 1 hour giving a temperature 
rise to 40 °C, and a dark precipitate (mainly catalyst). Filter the reaction through a thin 
layer of Celite® (24 cm diameter) with no washing of the catalyst waste cake. Return the 
filtrate to the reactor and add an additional 4 L of water over 1 hour to give an ending 

2 0 temperature of 45°C, and a yellow slurry. Leave the mixture to cool overnight to 20 to 
25°C with stirring. Collect the solids by vacuum filtration, and wash with water (4 L). 
Dry the solids at 60°C under vacuum to constant weight. Yield = 319 g (86%) of light 
yellow granular solid. MS(ES + ): m/z = 340.2 (M+H) + 

25 Preparation 53 

1 -cyclopentylsulfonyl-2-amino-6-(phenylethynyl) benzimidazole 
Beginning with l-cyclopentylsulfonyl-2-amino-6-iodo benzimidazole, prepare the 
title compound essentially as described in Preparation 52 (44% yield). MS (APC + ): m/z = 
366.2 (M+H) + 

30 

Preparation 54 

1-isopropylsulfonyl- 2-amino-6-( 2-phenyl-ethane-l,2-dione)-benzimidazole 
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1 

Combine water (4 L), NaHC0 3 (30 g, 0.357 moles), and MgS0 4 (145 g, 1.205 
moles) it 20 to 25°C, and stir until homogenous (exotherm to 30.5°C). Add acetone (4 L) 
to the reaction to give a cloudy mixture, followed by l-isopropylsulfonyl-2-amino-6- 
(phenylejthynyl)-benzimidazole (200 g, 0.590 moles). Treat the resulting slurry with 
KM11O4 (360 g, 2.278 moles) to give a gradual exotherm to 40°C over 1 hour. After an 
additional 1 hour (35°C), dilute an aliquot of reaction mixture with CH3CN for HPLC 

analysis.* The HPLC chromatogram indicates complete consumption of the starting 

1 

material with clean production of a slightly more polar product. Add Na2S0 3 (400 g) to 
the reaction mixture, followed by EtOAc (3 L). Add 20% H2SO4 in water (300 mL) to the 

reaction mixture over 25 minutes (temperature range 30 to 40°C, large amount of solid 

1 

MnC>2 produced). Allow the phases to separate, and collect an aliquot of the top organic 

1 " 

phase for HPLC analysis (HPLC chromatogram indicated clean product). Separate the 

1 

organic phase and clarify by filtration through Celite®. Back extract the aqueous phase 

(black and thick) with EtOAc (2 L) and clarify the resulting organic phase by filtration 

1 

through CJelite®. Use EtOAc (1 L) to rinse the Celite®. Combine the organic phases and 
concentrate (remove 7 L) at 40°C under vacuum causing two phases to form. Add EtOAc 
(2 L to th^ mixture, followed by water (0.5 L) and NaCl (30 g). Separate the layers, and 
back extract the aqueous phase with EtOAc (0.5 L). Combine the organic phases, dry 
with MgS0 4 , and use EtOAc (2 L) to wash the MgS04. Remove the solvent under 
vacuum atj40°C to give 189 g of yellow solids. Dry the solids under vacuum at 60°C to 
constant vijeight to give a final weight of 182 g (83%). Prepare analytically pure final 

product via recrystallization from EtOAc. MS(ES + ): m/z = 372.2(M+H) + 

1 

1 

\ Preparation 55 

1 -cyclopentylsulf onyl-2-amino-6-(2-phenyl-ethane- 1 ,2-dione)-benzimidazole 
Beginning with l-cyclopentylsulfonyl-2-amino-6-(phenylethynyl)-benzimid£izole, 
prepare the title compound essentially as described in the Preparation 54 as a yellow solid 

1.29 g (99% yield). MS(APC + ): m/z = 398.8 (M+H) + 

1 
1 

1 Preparation 56 

l-isopropylsulfonyl-2-amino-benziinidazole-6-boromc acid 

1 
1 

i 
1 
i 
1 
1 
1 
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Charge a 5 L round bottom flask equipped with dry ice/acetone bath, nitrogen 
atmosphere, mechanical stirrer, thermocouple, and addition funnel with septum with 1- 
isopropylsulfonyl-2-amino-6-iodo benzimidazole (125 g, 342 mmol) and THF (1.2 L) and 
cool to -77°C (results in a slurry). To this slurry add Phli (1.8 M in c-hexane/ether, 599 
5 mL, 1078 mmol) over 25 minutes keeping the temperature below -67°C. After stirring 
the resulting green slurry for 20 minutes while cooling to -77°C, add t-BuLi (1.7 M in 
pentane, 503 mL, 856 mmol) over 25 minutes keeping the temperature of the reaction 
below -67°C. Stir the mixture at - 75 °C for 40 minutes then add triisopropyl borate (276 
mL, 1198 mmol) over 15 minutes keeping the temperature below -~65°C. Warm the 

1 0 resulting slurry slowly to 0°C over 2 hours, then add a mixture of concentrated HCl(aq) 
and water (400 mL) until pH 2 is reached. Stir the mixture for 1 hour then adjust to 
pH>12 with 5 N NaOH while keeping the temperature <10°C. Add water (1 L), and 
separate the layers. Wash the aqueous layer with EtOAc (300 mL) then adjust to pH 6 
with concentrated HCl(aq). Extract the mixture with EtOAc (2 x 700 mL), and dry the 

15 combined extracts (Na2S0 4 ), filter, and concentrate in vacuo to an orange paste (116 g). 
Dissolve the paste in warm (~60°C) 2-propanol (360 mL) then add water (1.4 L). Cool 
the solution to 0°C for 3 hours. Collect the resulting solid by filtration, wash with water 
then air-dry to constant weight to afford the title compound (34.9 g, 36% yield) as light 
tan crystals. Obtain a second crop from the filtrate (4.95 g, 41% yield overall). MS^ES" 1 "): 

20 m/z = 284 (M+H) + 



Preparation 57 
2,4-(dibromo)-5-(phenyl)-imidazole 

Add to a suspension of 4-phenylimidazole (51.0 g, 354 mol) in AcOH (450 mL) 

2 5 dropwise bromine (39.9 mL, 778 mmol) at room temperature under nitrogen at a rate so 

as to keep the internal temperature <30°C using an ice-bath for cooling. Stir the mixture 
at room temperature for 22 hours (at which time analysis by LC-MS indicates 
monobromo intermediate is still present). Add additional bromine (12 mL), and stir the 
reaction for 24 hours then dilute with water (1600 mL). Extract the mixture with ether 

3 0 (800 then 400 mL), and wash the combined organic layers with NaHS0 3 (5%, 1000 mL), 
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i 
i 

water (2|X 1000 mL) then NaHC03 (500 mL). Dry the organic layer (Na 2 S0 4 ), filter and 

i 

partially [Concentrate in vacuo. Add hexanes (500 mL), and the concentrate the mixture 

i 

again partially in vacuo to ca. 600-700 mL. Collect the solid by filtration and air-dry to 
afford the title compounds (70.9 g, 66% yield) as a pale yellow powder. MS^S*): m/z = 
5 301 (M+H) + 

i Preparation 58 

i 

! l-(trimethylsilylethoxymethyl)-2,5-(dibromo)-4-(phenyl)-imidazole 

i 

To a solution of 2,4-(dibromo)-5-(phenyl)-imidazole (73.86 g, 244.6 mmol) in dry 
THF (80Q mL) cooled to 1°C under nitrogen add portion wise NaH (60% unwashed in 

■ 

10 mineral oil, 11.25 g, 281 mmol) keeping the reaction temperature <10°C. Cool the 
mixture t<^ -7°C then add silylethoxymethyl chloride (SEMC1) (42.0 g, 252 mmol) 
dropwise (2°C). Stir the mixture for 2.5 hours (10°C) then dilute with water (1400 mL) 
and extracjt with ether (2 x 600 mL). Dry the combined organic layers (Na2S0 4 ), filter 
and concentrate in vacuo. Filter the crude material through a plug of silica gel (700 g) 

15 eluted witla hexanes (3 L), then 10% (3 L) and 20% (3 L) EtOAc/hexanes to provide 
material which is recrystallized from hot isopropyl alcohol (500 mL) that is cooled to 

room temperature over 2 hours then to 5°C for 30 minutes. Collect the solid by filtration 

i 

washing with cold isopropyl alcohol then air-dry to afford 54.2 g (51% yield) as white 

crystals. MS(ES + ): m/z = 431 (M+H) + 

i 

20 | 

i 

i 

' Preparation 59 

i 

l-(ttimethylsilylethoxymethyl^ 

i 

To k solution of l-(tximethylsilylethoxy)-2,5-(dibromo)-4-(phenyl)-iinida2ole 
(60.3 g, 140 mmol) in dry THF (600 mL) cooled to -11°C under nitrogen add dropwise a 
2 5 solution of i|sopropylmagnesium chloride (2M THF, 87.2 mL, 174 mmol) causing an 

exotherm to^ 1°C. Stir the mixture at this temperature for 30 minutes then add dry DMF 
(32.4 mL, 419 mmol) (8°C), and stir for 45 minutes. Add saturated aqueous solution of 

i 

NH4CI (500 JmL) and water (100 mL), separate the layers, and extract the aqueous layer 
with ethyl acetate (300 mL). Dry the combined organic layers (Na 2 S0 4 ), filter and 
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concentrate in vacuo, and purify the residue by chromatography (Biotage 75 long; eluted 
with 5% EtOAc/hexanes) to provide 33.6 g (63% yield) as a yellow oil. MS(ES + ): rn/z = 
323 (M+H) + 

Preparation 60 

5 1 -isopropylsulf onyl-2-amino-6-( 1 -(trimethylsilylethoxymethyl)-2-(f ormyl)~4- 

(phenyl)-imidazol-5 -yl) -b enzimi daz ole 
To a solution of l-(trimethylsilylethoxymethyO 
imidazole (532 mg, 1.39 mmol) in dry toluene (9 mL) previously bubbled with a stream 
of nitrogen, add PdCl 2 (PPh 3 )2 (49 mg, 0.0697 mmol) in one portion. After 5 minutes, add 
10 a suspension of 1 -isopropylsulf onyl-2-amino-6-boronic acid-benzimidazole (472 mg, 1.67 
mmol) in ethanol (6 mL) previously bubbled with a stream of nitrogen, followed by 
sodium carbonate (2 M in water, 3.4 ml, 6.95 mmol). Stir the mixture for 2.5 hours at 
90°C, cool to room temperature and dilute with water (20 mL). Extract the mixture with 
EtOAc (3 x 30 mL) and wash the combined organic layers with saturated aqueous sodium 
15 chloride (30 mL), dry (MgSC>4) and concentrate in vacuo. Purify the residue by flash 

chromatography (Si0 2 ; eluent: hexane/EtOAc 1:1 to 1:3) to obtain a brown solid, 384 mg, 
51% yield. MS(ES + ): rn/z = 540.2 (M+H) + 

Preparation 61 

2 0 1 -benzyl-2,4,5-tribromo-imidazole 

Combine 2,4,5-tribromoimidazole (15.29 g, 0.050 mol), cesium carbonate (18.0 
g, 0.055 mol), benzyl bromide (6.3 mL, 0.053 mol) and dimethylformamide (100 mL) and 
stir at 20°C for 18 hours. Filter solids and concentrate under reduced pressure. Suspend 
in dichloromethane, filter through 2 cm pad silica gel and wash with dichloromethane (1 

2 5 L). Concentrate filtrates under reduced pressure. Redissolve in dichloromethane (15 
mL), add 4 M HC1 in dioxane (12.5 mL, 0.050 mol), cool to -20°C and filter solids. 
Concentrate filtrate, dissolve in ethyl ether, add 1 M HCl/ether (20 mL) and hexane (40 
mL), cool -20°C and filter. Combine solids and dry under reduced pressure to give 19.6 g 
(90%, 0.045 mol) of the title compound. MS(ES + ): m/z = 393.0 (M+H) + 

30 
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i Preparation 62 

i 

, l-benzyl-4,5-dibromo-2-(2,4-difluoro-phenyl)-imidazole 
Reflux a mixture of l-benzyl-2,4,5-tribromoimidazole (1.043 g, 2.42 mmol), 2,4- 
difluorophenyl boronic acid (0.682 g, 4.32 mmol), palladium acetate (0.027 g, 0.12 
5 mmol), ^(+)-2,2 , -bis(di- j p-tolyl-phosphino)l,l'-binaphthyl (0.098 g, 0.14 mmol), 2 M 
sodium c^arbonate (3.6 mL, 4.83 mmol), methanol (3.6 mL) and toluene (36 mL) for 18 
hours. Cool to ambient temperature and dilute with ethyl acetate. Wash with saturated 
sodium darbonate, saturated sodium chloride, dry with magnesium sulfate and purify the 
residue on silica gel eluting with hexane/ethyl acetate mixtures to provide l-benzyl-4,5- 
1 0 dibromo-J2-(2,4-difluoro~phenyl)-lH-imidazole (0.39 g). MS(ES+): w/z = 461.1 (M+H) + 



i Preparation 63 

\ 1 -benzyl-4-bromo-5-(3 ,5-difluoro-phenyl)-2-(2,4-difluoro-phenyl)-imidazole 
R6flux a mixture of l-benzyM,5-dibromo-2-(2,4-difluoro-phenyl)-iinidazole 
15 (0.386 g, 0.90 mmol), 3,5-difluorophenyl boronic acid (0.15 g, 0.945 mmol), trans- 
dichlorobis(triphenylphosphine) palladium (II) (0.065 g, 0.09 mmol), 2 M sodium 
carbonate|(0.90 mL), methanol (1.5 mL) and toluene (10 mL) for 18 hours, then cool to 

ambient temperature. Dilute with ethyl acetate and wash with saturated sodium 

i 

i 

bicarbonate, saturated sodium chloride, dry with magnesium sulfate, filter and remove 

i 

2 0 solvents under reduced pressure. Purify the residue on silica gel eluting with hexane/ethyl 
acetate mixtures to provide l-benzyl-4-bromo-5~(3,5-difluoro-phenyl)-2-(2,4-difluoro- 
phenyl)~lH-imidazole (0.19 g). MS(ES + ): m/z = 461.0 (M+H) + 



Preparation 64 

2 5 l-isopropylsulfonyl-2-amino-6~(l-(benzyl)-5-(3 ,5-difluorophenyl)-2-(2,4-difluorophenyl)> 

1 imidazol-4-yl)-benzimidazole 
Reflux a mixture of l-benzyl-4-bromo-5-(3,5-difluoro-phenyl)-2-(2,4-difluoro- 

phenyl)-imidazole (0.061 g, 0.13 mmol), l-isopropylsulfonyl-2-amino-benzimidazole-6- 

i 

boronic acid (0.113 g, 0.40 mmol) (described in preparation 56), trans- 

3 0 dichlorobis(triphenylphosphine) palladium (II) (0.009 g, 0.013 mmol), 2 M sodium 

carbonate (0.20 mL) and 1 ,2-dimethoxyethane (5 mL) for 18 hours. Cool to ambient 
temperature;, dilute with ethyl acetate and wash with saturated sodium bicarbonate, 
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saturated sodium chloride, dry with magnesium sulfate, filter and remove solvents under 
reduced pressure. Purify on silica gel with dichloromethane/methanol mixtures to provide 
the title compound (0.084 g). MSfES 4 ): m/z = 620.1 (M+H) + 

Preparation 65 
1 -benzyl-4,5-dibromo-2-methyl-imidazole 
To a solution of 4,5-dibromo-2-methylimidazole (3.0 g, 12.5 mmol) in 25 mL 
DMF add sodium carbonate (2.0 g, 18.8 mmol) and benzyl bromide (1.64 mL, 13.8 
mmol). Stir the solution at room temperature for 72 hours. Pour the reaction into water 
and extract with EtOAc. Wash the organic layer with water, saturated aqueous sodium 
chloride, and dry over sodium sulfate. Filter the mixture and concentrate to 3.8 g crude 
oil. Purify the oil by radial chromatography eluting with 40% EtOAc in hexanes. 
Concentrate the appropriate fractions to 3.1 g (75%) of the title compound as a colorless 
oil. MS(ES + ): m/z = 331.0 (M+H) + 

Preparation 66 

l-benzyl-4-bromo-5-(2,4-difluorophenyl)-2-methyl-imidazole 
To a solution of l-(benzyl)-4,5-(dibromo>2-(methyl)-imidazole (1.71 g, 5.18 
mmol) in 8 mL DME, add 2,4-difluorophenyl boronic acid (0.90 g, 5.70 mmol). Add 
sodium carbonate (1.65 g, 15.5 mmol) dissolved in 1 mL of water and trans- 
dichlorobis(triphenylphosphine) palladium (IT) (1.09 g, 1.55 mmol). Heat the mixture to 
100°C with stirring under nitrogen. After 3 hours the solution is cooled and filtered over 
a pad of Celite® and sodium sulfate. The crude product is purified by radial 
chromatography eluting with 35% EtOAc, 1% CH 2 C1 2 in hexanes to yield 1.12 g (60%) of 
the title compound as a yellow oil. This compound is used directly without further 
purification. MS^S*): m/z = 364.0 (M+H) + 

Preparation 67 

l-isopropylsulfonyl-2-amino-6-(l-(benzyl)-5-(2,4-difluorophenyl)-2-(methyl)- imidazol- 

4-yl)- benzimidazole 
To a solution of l-(benzyl)-4'(bromo)-5-(2,4-difluorophenyl)-2-(methyl)- 
imidazole (1.12 g, 3.08 mmol) in 8 raLDME add l-isopropylsulfonyl-2-amino- 
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benzimklazole-6-boronic acid (2.62 g, 9.25 mmol) (described in preparation 58). Add 

i 

sodium carbonate (0.98 g, 9.25 mmol) dissolved in water (1 mL) and trans- 

i 

dichlorobis(triphenylphosphine) palladium (D) (0.65 g, 0.93 mmol). Heat the mixture to 

i 

100°C wlith stirring under nitrogen. After 3 hours cool the solution and filter over a pad of 
Celite arid sodium sulfate. Purify the residue by radial chromatography eluting with 3% 
methanol in CH2CI2 with a gradient to 10% methanol. Perform a second purification by 
radial chromatography eluting with 4% methanol in CH 2 C1 2 with a gradient to 6% 
methanol to yield 390 mg (24%) of the title compound as a yellow solid. MSOES*): m/z = 
522.0 (M+H) + 



j Preparation 68 

' . 5-bromo-3-methyl-l-phenyl-pyrazole 

Tb a solution of 3-methyl-l-phenyl~2-pyrazol-5-one (2,0 g, 1 1.5 mmol) in 5 mL 
anhydrous acetonitrile add phosphorus oxybromide (9.9 g, 34.5 mmol). Heat the mixture 
15 to reflux for 3 hours under nitrogen. Cool the reaction to 0°C and dilute with ethyl acetate 

and water. Dry the organic layer over magnesium sulfate, filter, and concentrate to a 

1 

crude yellow oil which contains a 1:1 mixture of mono to dibrominated products. Purify 

1 

the residue by radial chromatography eluting with methylene chloride to yield 677 mg 

1 

(25%) as a colorless oil. 925 mg of the less polar dibrominated product is isolated as a 
2 0 white sol^d. MS0ES+): m/z = 238.0 (M+H) + 

) 
i 

I 

Preparation 69 
1 5-bromo-3-ter^butyl-l-phenyl-pyrazole 
Tq a solution of 3-te*?-butyl-l-phenyl-2-pyrazol-5-one (1.0 g, 4.6 mmol) in 6 mL 

2 5 anhydrou^ acetonitrile add phosphorus oxybromide (2.0 g, 6.9 mmol). Heat the mixture 

i 

to reflux for 3 hours under nitrogen. Cool the reaction to 0°C and dilute with ethyl acetate 
and water 4 Dry the organic layer over magnesium sulfate, filter, and concentrate to a 

i 

crude colcjrless oil. Purify the title compound by radial chromatography eluting with 

i 

70:30 methylene chloride:hexanes to yield 1.1 g (86%) as a colorless oil. MS(ES + ): ni/z = 

3 0 280.0 (M*H) + 
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Preparation 70 
2-phenylimidazo[l ,2-a]pyridine 
Stir a solution of 2-bromoacetophenone (1 g, 5.024 mmol) and 2-aminopyridine 
(591 mg, 6.280 mmol) in ethanol (4 mL) containing NaHC0 3 (658 mg, 7.837 mmol) at 
room temperature for 6 hours. Dilute the mixture with water (15 mL) and extract with 
ether (3 x 20 mL). Wash the combined organic layers with saturated aqueous sodium 
chloride (25 mL), dry (MgSCU) and concentrate in vacuo. Purify the residue by flash 
chromatography (SiCb; eluent: hexane/EtOAc 4:1) to give a white solid, 79% yield. 
MSOES*): m/z = 195.1 (M+H) + 



Preparation 7 1 
8-methyl-2-phenylimidazo[l ,2-a]pyridine 

Beginning with 2-amino-3-methylpyridine, prepare the title compound essentially 
as described in Preparation 70 , 73% yield. MS^S 4 ): m/z = 195.1 (M+H) + 



Preparation 72 
3-iodo-2-phenylimidazo[l ,2-a]pyridine 

Treat a solution of 2-phenylimidazo[l,2-a]pyridine (50 mg, 0.257 mmol) in 
acetonitrile (1.25 mL) with N-iodosuccinimide (NIS) (69 mg, 0.309 mmol) at room 
2 0 temperature for 5 hours. Dilute the mixture with ether (10 mL), wash with a saturated 
aqueous solution of NaHC0 3 (15 mL) and NaHS0 3 (40%, 15 mL), dry (Na 2 S0 4 ) and 
concentrate in vacuo. A yellow solid is obtained, 80 mg, 97% yield. MSQES 4 "): m/z = 
321.0 (M+H) + 



25 Preparation 73 

3-iodo-8-methyl-2-phenylimidazo[ 1 ,2-a]pyridine 

Beginning with 8-methyl-2-phenylimidazo[l,2-a]pyridine, prepare the title 
compound essentially as described in Preparation 72, 65% yield. MSOSS*): m/z = 335.0 
(M+H) + 

30 
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\ Preparation 74 

\ 2-phenyl-6,7-dihydro-5H-pyiTolo[l,2-a]imidazole 

Prepare 2-iminopyrrolidine hydrochloride (6.98 g, 57.8 mmol) according to 
Callahan ? et al., J. Med. Chem. 2002, 45, 999-1001) and combine 2-bromoacetophenone 
(3.8 g, l$3 mmol) with Na 2 C0 3 (8.2 g, 77.2 mmol) in dry DMF (25 mL) and heat at 80°C 
for 18 hours. Then, cool the mixture to room temperature, add water (60 mL), and extract 
with EtOAc (3 x 100 mL). Concentrate the combined organic layers in vacuo, dilute the 

i 

residue with ether (100 mL), and wash with cooled water (3 x 80 mL). Concentrate the 
organic layer in vacuo to give a white solid, 3.2 g, 89 % yield. MS(ES ): ni/z =185.1 
(M+H) + 



15 



Preparation 75 

2-(4-fluorophenyl)-6,7-dihydro-5H-pyrrolo[ 1 ,2-a]imidazole 

Beginning with 2-iminopyrrolidine hydrochloride and 2-fluoroacetophenone, 
prepare the title compound essentially as described in Preparation 74, 99% yield. 



, Preparation 76 

i 

i 3-bromo-2-phenyl-6,7-dihydro-5H-pyrrolo[ 1 ,2-a]imidazole 

i 

To ^ solution of 2-phenyl-6,7-dihydro-5H-pyrrolo[l,2-a]imidazole (3.38 g, 18.3 
2 0 mmol) in dijy CH2CI2 (113 mL) slowly add bromine (1.0 mL, 20.2 mmol) and stir the 

mixture at room temperature for 1 .5 hours. Add a saturated aqueous solution of NaHCC>3 

1 

(100 mL) arid extract with CH2CI2 (3 x 100 mL). Wash the combined organic layers with 
NaHS03 (4^%, 30 mL), dry (MgSC>4) and concentrate in vacuo. Purify the residue by 
flash chromatography (Si0 2 , eluent: CH 2 C1 2 to CH 2 Cl2/MeOH 20:1) to yield a red solid, 
25 3.54 g, 73% 'yield. MS(ES + ): m/z = 263.0 (M+H) + 



, Preparation 77 

1 

3-bromo-2-(4-fluorophenyl)-6,7-dihydro-5H-pyrrolo[ 1 ,2-a]imidazole 
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Beginning with 2-(4-fluorophenyl)-6,7-dihydro-5H-pyn-olo[l,2-a]iiiiidazole, 
prepare the title compound essentially as described in Preparation 76, 95% yield. 

Preparation 78 

5 2-phenyl-5,6J,8-tetrahydro-imidazo[l,2-a]pyridine 

Combine 2-iminopiperidine hydrochloride (4.9 g, 36.4 mmol, 3 equiv) and 2- 
bromoacetophenone (2.4 g, 12.1 mmol) with Na2CC>3 (5.1 g, 48.4 mmol) in dry DMF (15 
mL) and heat the mixture at 80°C for 16 hours. Then, cool the mixture to room 
temperature, add water (200 mL), and extract with ether (3 x 100 mL). Wash the 
1 0 combined organic layers with water (2 x 50 mL), and re-extract the aqueous layer with 
ether (2 x 50 mL). Wash the combined organic layers with saturated aqueous sodium 
chloride (100 mL), dry (MgSC^X and concentrate in vacuo. Purify the residue by flash 
chromatography (Si0 2 ; eluent: CH2CI2 to CHfeCfeiMeOH 50:1) to obtain a brown solid, 
1.7 g, 71 % yield. MSOES 4 ): m/z = 199.1 (M+H) + 

15 

Preparation 79 

3-bromo-2-phenyl-5,6,7,8-tetrahydro-imidazo[l,2-a]pyridine 

To a solution of 2-phenyl-5,6,7,8-tetrahydro-imidazo[l,2--a]pyridine (1.7 g, 8.9 
mmol) in dry CH 2 C1 2 (55 mL) slowly add bromine (0.5 mL, 9.8 mmol) and stir at room 

2 0 temperature for 3 hours. Then, add a saturated aqueous solution of NaHCOs (100 mL) 

and extract with CH 2 C1 2 (3 x 100 mL). Wash the combined organic layers with NaHS0 3 
(40%, 30 mL) followed by saturated aqueous sodium chloride (50 mL), dry (MgS0 4 ), and 
concentrate in vacuo. Purify the residue by flash chromatography (SiC>2, eluent: CH2CI2 
to CH 2 Cl2/ MeOH 20:1) to obtain a brown solid, 2.0 g, 82% yield. MS(ES + ): m/z = 277.0, 

25 (M+H) + 

Preparation 80 

3-ethoxycarbonyl-2-phenyl-5,6-dihydro-4H-pyrrolo[l,2-b]pyrazole 
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i 
i 

To a solution of l-amino-pyrrolidine-2-one hydrochloride (3.8 g, 27.8 mmol) (WO 
02/094833) add ethylbenzoylacetate (43 mL, 25 mmol) followed by pyridine (10 mL) at 

i 

room temperature under nitrogen. Stir the mixture at room temperature for 20 hours and 

i 

then, dilute with water (50 mL) and extract with toluene (2 x 50 mL). Dry the combined 

1 

5 organic layers (MgSCXO and concentrate in vacuo to give a brown oil, 6.23 g, 82% yield, 
and treat i with NaOEt (freshly prepared, 3.1 g, 45.4 mmol, 2 equiv) in toluene at 120°C for 
8 hours. jCool the mixture to room temperature and add water (100 mL) and concentrated 
HC1 untii a pH of 4 is reached. Extract the mixture with EtOAc (3 x 200 mL) and dry 
(MgS0 4 ) the combined organic layers and concentrate in vacuo. Purify the residue in a 
10 biotage system (eluent: CH 2 C1 2 / MeOH 40: 1) to obtain a yellow solid, 1.8 g, 36% yield. 
MS^S^j m/z = 257.1 (M+H) + 

! 
) 

I 

I 

1 Preparation 81 

i 

3-bromo-2-phenyl-5,6-dihydro-4H-pyrrolo[l ,2-b]pyrazole 

i 

15 A, 3 -carboxv-2-phenvl-5 ,6-dihvdro-4H-pvrrolo f 1 .2-blpvrazole 

i 

To! a solution of 3-ethoxycarbonyl-2-phenyl-5,6-dihydro-4H-pyrrolo[l,2- 
b]pyrazole( (2.1 g, 8.2 mmol) in MeOH (20 mL) add a solution of NaOH (15%, 40 mL) 
followed biy acetonitrile (5 mL) and stirr at 50°C for 3 hours. Cool the mixture to room 

temperature and add HC1 (10%) until a pH of 3 is reached. Extract the mixture with 

i 

2 0 EtOAc (3 x 100 mL) and wash with saturated aqueous sodium chloride (100 mL), dry 
(MgS0 4 ), and concentrate in vacuo to give a yellow solid, 1.82 g, 97% yield, MS(ES + ): 
m/z = 229.1 (M+H) + 

i 

\ 

B . 3-bromo-2-phenvl-5 ,6-dihvdro-4H-pvrrolo F 1 ,2-blpvrazole 

i 

25 To a solution of 3-carboxy-2-phenyl-5,6-dihydro-4H-pyrrolo[l,2-b]pyrazole (820 

mg, 3.59 mmol) in dry DMF (15 mL) previously degassed add N-bromosuccinimide 

i 

(NBS) (702.8 mg, 3.95 mmol) and stir at room temperature for 18 hours. Then, dilute 
with EtOAc (80 mL) and wash with cooled water (5 x 10 mL). Dry the organic phase 

i 

(MgS04), and concentrate in vacuo to obtain a yellow solid, 1.0 g. MS(ES + ): m/z = 263.0 
30 (M+H) + ! 

I 

I 
I 

I 

I 

l 
I 
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Preparation 82 

1 -(4-methoxybenzyl)-4-phenylimidazole 

To a solution of 4-phenylimidazole (7.49 g, 51.9 mmol) in DMF (30 mL) cooled 
5 to 0°C under nitrogen add portionwise NaH (95%, 2.56 g, 101 mmol). After 10 minutes, 
add /7-methoxybenzyl chloride (PMBC1) (7.50 mL, 55.3 mmol) dropwise. Stir for 5 
hours, quench with MeOH (5 mL), dilute with water (100 mL), and extract with CH2CI2 
(2 x 100 mL). Dry the combined organic layers (Na 2 S04) and concentrate in vacuo to a 
volume of 80 mL, affording 12.2 g (89% yield) after crystallization. MS(ES + ): m/z = 265 
1 0 (M+H) + 



Preparation 83 

l-(4-methoxybenzyl)-2-formyl-4-phenylimidazole 

To a solution of l-(4-methoxybenzyl)^phenylimidazole (2.00 g, 7.56 mmol) in 
1 5 THF (20 mL) cooled to -78°C under nitrogen add dropwise a solution of n-butyl lithium 
(1.6 M hexane, 5.60 mL, 8.96 mmol). Stir the mixture at this temperature for 10 minutes 
then add DMF (1.43 mL, 18.5 mmol) dropwise, and continue stirring for 30 minutes. 
Add a saturated aqueous solution of NH4CI (50 mL), raise the temperature to room 
temperature, and extract the aqueous layer with CH2CI2 (150 mL), dry (Na2S04), and 
2 0 concentrate in vacuo. Purify the residue by flash chromatography (SiC>2, hexane/EtOAc 
9:1) to provide 1.75 g (79% yield). MS(ES + ): m/z = 293 (M+H) + 



Preparation 84 

l-(4~methoxybenzyl)-2-hydroxymethyl-4-phenylimidazole 

25 Treat a solution of l-(4-methoxybenzyl)-2-formyl-4-phenylimidazole (1.75 g, 5.99 

mmol) in CHaCla/MeOH (1:1, 60 mL) with NaBH* (480 mg, 12.7 mmol) at room 
temperature for 15 minutes. Quench with H 2 0 (50 mL), extract with CH 2 C1 2 (2 x 100 
mL), dry (Na 2 S0 4 ), and concentrate in vacuo. Purify the residue by flash chromatography 
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(Si0 2 , dH 2 Cl 2 /MeOH 20:1 7:1) to provide 1.69 g (96% yield). MS(ES + ): m/z = 295 
(M+H) +l 



i Preparation 85 

i 

5 l7(4-methoxybenzyl)-2-ter^ 

Treat a solution of l-(4-methoxybenzyl)-2-hydroxymeth^ 
(1.68 g, 3.71 mmol) in CH 2 C1 2 (35 mL) with N,N-diisopropylethylamine (3.2 mL, 18.4 
mmol) anjd tert-butyldimethylsilyl chloride (TBSC1) (1.46 g, 9.69 mmol) at room 
temperature for 60 hours. Quench with H2O (40 mL), extract with CH2CI2 (100 mL), dry 
10 (Na2SC>4)! and concentrate in vacuo. Purify the residue by flash chromatography (SiC>2, 
hexane/EtjOAc 20:1 -> 9:1) to provide 2.09 g (90% yield). MS (ES + ): m/z = 409 (M+H) + 



1 Preparation 86 

l-(4-methoxybenzyl)-2-^rr-butyldimethylsilyloxymethyl^-phenyl-5~iodoimidazole 

1 

15 Trdat a solution of l-(4-methoxybenzyl)-2-^r?-butyldimethylsilyloxymethyl-4- 

phenylimidazole (2.08 g, 5.09 mmol) in MeCN (25 mL) with N-iodosuccinimide (NIS) 
(1.35 g, 6.(^0 mmol) at room -temperature for 24 hours. Dilute the mixture with Et 2 0 (100 
mL), wash with saturated NaHC0 3 (25 mL), dry (Na 2 SC>4), and concentrate in vacuo. 
Purify the Residue by flash chromatography (Si0 2 , hexane/EtOAc 20:1 -> 9:1) to provide 

2 0 2.30 g (85<& yield). MS (ES+): m/z 535 (M+H) + 



, Preparation 87 

1 1 -(benzyloxycarbonyl)-4-f ormylpiperidine 

1 

Addi diisobutyl aluminum hydride (1 M in toluene, 30 mL, 30 mmol) over 5 

2 5 minutes to 4 solution of l-(benzyloxycarbonyl)-4-(ethoxycarbonyl)piperidine (7 g, 24 

mmol) in anhydrous dichloromethane (150 mL) at - 78°C under a nitrogen atmosphere. 
Stir the reaction mixture at this temperature for 30 minutes and then add 10% aqueous 
sodium tartarate (100 mL) followed by dichloromethane. Stir the reaction mixture at 
room temperature overnight. Separate the phases and extract the aqueous phase with 

3 0 dichlorometliane. Wash the combined organic phases sequentially with 10% aqueous 
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sodium tartarate, water, and saturated aqueous sodium chloride. Dry over sodium sulfate 
and concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 3:1 hexanes:ethyl acetate to provide 3.15 g (53%) of the title compound. 

5 Preparation 88 

1 -(tert-butoxycarbonyl)-4-f ormylpiperidine 
Beginning with l-(^rr-butoxycarbonyl)-4-(ethoxycarbonyl)piperidine, prepare the 
title compound essentially as described in Preparation 5 1 . 

10 Preparation 89 

4-formyl tetrahydropyran 
Beginning with 4~(methoxycarbonyl)tetrahydropyran, prepare the title compound 
essentially as described in Preparation 87. 

15 Preparation 90 

4-(N-^rr-butoxycarbonyl-N-ethyl-amino)-benzaldehyde 

A. N-BOC protection 
To a solution of 4-amino-benzoic acid methyl ester (4 g, 26.4 mmol), (Boc)20 

(8.67 g, 39.6 mmol),and DMAP (0322 mg, 2.64 mmol) in 50 mL of acetonitrile add 
triethylamine (7.345 mL, 52.8 mL) dropwise and stir overnight at room temperature. 
Dissolve the precipitate in ethyl acetate and treat with 3% HC1, extract with ethyl acetate 
and wash the organic layers with saturated solution of sodium bicarbonate and saturated 
aqueous sodium chloride, dry over sodium sulphate, and concentrate to obtain 5.3 g of 
product. Yield 80%. 

^-NMR (CDCI3, 300 MHz): 8.07 (d, 2H, 7= 8.8), 7.53 (d, 2H, /=8.8), 6.78 (s, 1H), 
4.00(s, 3H), 1.64 (s,9H) 

B. N-alkylation. 

30 To a suspension of sodium hydride 60% (595 mg, 1 . 1 eq) in dry DMF and under 

argon atmosphere, slowly add 4-ter^butoxycarbonylamino-benzoic acid methyl ester 
(3.24 g, 12.9 mmol) and ethyl iodide (1.206 mL, 1.1 mmol) via syringe and stir overnight. 



20 



25 
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i 

I 

Add ethyl acetate, and wash the resulting solution with saturated ammonium chloride and 
saturated aqueous sodium chloride, dry over sodium sulphate and concentrate. Purify the 
residue lj>y chromatography eluting with hexane /16% ethyl acetate to obtain 2.85 g of 
pure product. Yield 79% 
5 ^-NMk (CDCI3, 300 MHz): 8.11 (dd, J = 8.5, 2.0 Hz, 2H); 7.40 (dd, J = 8.5, 2.0 Hz, 
2H); 4.02 (s, 3H); 3.84 (q, / = 6.9 Hz, 2H); 1.56 (s, 9H); 1.28 (t, J = 6.9 Hz, 3H). 
1 

1 

~ C. jester reduction 

Tjo a solution of 4-(N-^yt-butoxycarbonyl-N-ethyl-amino)-benzoic acid methyl 

10 ester (2.8|5 g, 10.2 mmol) in 65 mL of dry toluene, under argon atmosphere and at -78°C, 
add dropVise disiobutyl aluminum hydride (DIBAL-H) 1 M in toluene (12.77 mL, 12.77 
mmol). $j!tir the mixture for 1 hour. Add sodium tartrate, remove the bath and stir the 
mixture o|vernight. Extract the organic layer with ethyl acetate and wash the organic 
layers with saturated aqueous sodium chloride, dry over sodium sulphate and concentrate. 

15 Purify thej residue by chromatography eluting with hexane/acetate(16%) to obtain 1.24 g 
of pure alcohol. Yield 54%. 2 H-NMR (CDCI3, 300 MHz): 7.45 (d, J = 8.5 Hz, 2H); 7.30 
(d, /= 8.4 Hz, 2H); 4.80 (d, /= 6.1 Hz, 2H); 3.78 (q, J= 7.3 Hz, 2H); 1.78 (t, /= 6.1 Hz, 

1H); 1.551(8, 9H); 1.25 (t, J = 7.3 Hz, 3H). 

i 
1 

2 0 D. Alcohol oxidation 

Dissolve 4-(N-re/t-butoxycarbonyl-N-ethyl-amino)-benzyl alcohol (1.24 g, 5.52 
mmol) in *>0 mL acetonitrile. Add to this solution manganese dioxide and stir the mixture 
for two days at room temperature. Filter the residue through Celite® and concentrate the 
solvent to give 632 mg of 4-(N-^rf-butoxycarbonyl-N-ethyl-amino) benzaldehyde. Yield 

2 5 52%. ^-IJJMR (CDCI3, 300 MHz): 9.95 (s, 1H); 7.83 (d, /= 8.7 Hz, 2H); 7.39 (d, / = 

8.7 Hz, 2Hf); 3.74 (q, J = 7.0 Hz, 2H); 1.45 (s, 9H); 1.18 (t, / = 7.0 Hz, 3H). 

1 

1 

1 

Preparation 91 

\ 2,6-difluoro-4-(pyrrolidin- 1 -yl-ethoxy)-benzaldehyde 

30 

A. 1 -(3i .5-difluoro-phenoxvmethvl^~pvrrolidine 

1 

i 

1 

1 

1 
1 
\ 
1 
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Add pyrrolidin-l-yl-ethanol hydrochloride (1.5 g) to a mixture of 3,5- 
difluorophenol (1.0 g), cesium carbonate (8.78 g), sodium iodide (1.15 g) in dry 
dimethylformamide (20 mL). Stir at room temperature overnight. Concentrate under 
reduced pressure and the residue is purified by chromatography eluting with ethyl 
5 acetate: hexane (1:1) to provide (0.8 g, 50%) of an oil. 

B . 2.6-chfluoro-4-(pvrrolidin- 1 -vl ethoxy)-benzaldeh vde 

Cool a mixture of l-(3,5-difluoro-phenoxymethyl)-pyrrolidine (0.1 g) and dry 
tetrahydrofuran (5 mL) to -78°C under a nitrogen atmosphere. Add butyllithium (0.29 

10 mL, 1.6 M in tetrahydrofuran) and N,N,N',N'-tetramethylethylenediamine (0.5 mL) and 
stir for 30 minutes. Then, add dimethylformamide (0.07 mL) and stir at room temperature 
for 60 minutes. Quench by pouring the reaction mixture into a mixture of cold saturated 
aqueous ammonium chloride and ethyl acetate. Separate the layers, wash the organic 
phase with water and then concentrate under reduced pressure to provide (0.10 g, 94%) of 

15 the title compound as an oil. 

Preparation 92 
2-fluoro-4-nitro-benzaldehyde 
Add borane-tetrahydrofuran complex (16.21 mL, 1 M) to a mixture of 2-fluoro-4- 
2 0 nitro-benzoic acid (1.2 g) and tetrahydrofuran (10 mL) at 0°C. Heat at 80°C for 3 hours. 
Cool at room temperature and add 1 N aqueous hydrochloric acid (20 mL) and extract 
with ethyl acetate. Wash with saturated aqueous sodium bicarbonate and dry the 
remaining organic phase over sodium sulfate and concentrate under reduced pressure to 
provide (0.91 g, 83%) of an oil. Add (2-fluoro-4-nitro-phenyl)-methanol (0.91 g) to a 

2 5 mixture of dioxide manganese (1.1 g) in 20 ml of dichloromethane. Stir at room 

temperature overnight and filter over Celite®. Concentrate under reduced pressure to 
provide (0.27 g, 30%) of the title compound as an oil. 

Preparation 93 

3 0 4-formyl-N-methyl-benzenesulfonamide 

A. 4-hvdroxvmethvl-N-methvl-benzenesulfonamide 
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Add methyl amine (4.5 mL, 2 M in dichloromethane) to a mixture of 4- 

1 

chlorosqlfonyl benzoic acid (0.5 g) and dichloromethane (20 mL). Stir at room 
temperature overnight. Quench by pouring the reaction mixture into a mixture of 
saturated aqueous ammonium chloride and ethyl acetate. Separate the layers, wash the 
5 organic ji>hase with water, dry the remaining organic phase over sodium sulfate and then 

concentrate under reduced pressure to provide (0.40 g, 82%) of an oil. Add borane- 

i 

tetrahydipfuran complex (7.44 mL, 1 M) to a mixture of 4-methylsulfamoyl-benzoic acid 

(0.4 g) and tetrahydrofuran (10 mL) at 0°C. Heat at 80°C for 3 hours. Cool at room 

i 

temperature and add 1 N aqueous hydrochloric acid (20 mL) and extract with ethyl 
10 acetate. Wash with saturated aqueous sodium bicarbonate and dry the remaining organic 
phase over sodium sulfate and concentrate under reduced pressure to provide (0.28 g, 
75%) of an oil. 



B . 4 formvl-N-methvl-benzenesulfonamide 
15 Aiid 4-hydroxymethyl-N-methyl~benzenesulfonamide (0.28 g) to a mixture of 

i 

manganese dioxide (2.8 g) in 20 mL of dichloromethane. Stir at room temperature 

o vernight| and filter over Celite®. Concentrate under reduced pressure to provide (0.1 1 g, 

j 

40%) of the title compound as oil. 

2 0 I Preparation 94 

i 

i 2-fluoro-4-methylamino-benzaldehyde 
Add diazomethane (22.3 mL, 2 M in ether) to a mixture of 2-fluoro-4-nitro 

i 

benzoic aqid (4.14 g) and ether (50 mL). Stir at room temperature overnight. Concentrate 
under reduced pressure to provide (4.08 g, 92%) of an oil. 

2 5 Reflux the mixture of 2~fluoro-4-nitro-benzoic acid methyl ester(0.85 g), 

ammoniunp formate (1.1 g) and Pd/C (10%, 0.32 g) in ethanol (20 mL) at 95°C for 6 
hours. Filter over Celite® and concentrate under reduced pressure to provide (0.64 g 7 
89%) a gray solid. 

Add formaldehyde (0.15 g) to a mixture of 2-fluoro-4-amino benzoic acid methyl 

3 0 ester (0.62 !g), acetic acid (2.1 mL) and 1,2 dichloroethane (20 mL). Stir at room 

temperature overnight. Add sodium triacetoxyborohydride (1.15 g) and stir at room 
temperature for 2 hours. Quench by pouring the reaction mixture into a mixture of 
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saturated aqueous sodium bicarbonate and ethyl acetate. Separate the layers, wash the 
organic phase with water, dry the remaining organic phase over sodium sulfate and then 
concentrate under reduced pressure. The residue is purified by chromatography eluting 
with ethyl acetate:hexane (1:4) to provide 2-fluoro-4-methylamino benzoic acid methyl 
5 ester (0.10 g, 15%) as an oil. 

Add diisobutyl aluminium hydride (1.0 mL, 1 M in toluene) dropwise to a mixture 
of 2-fluoro-4-methylamino benzoic acid methyl ester (0.09 g) and dry toluene (7 mL) to — 
78°C under a nitrogen atmosphere. Stir the mixture for 2 hours at room temperature. 
Quench by pouring the reaction mixture into a mixture of saturated aqueous sodium 

10 tartrate (20 mL) and ethyl acetate (20 mL). Separate the layers, wash the organic phase 
with water, dry the remaining organic phase over sodium sulfate and then concentrate 
under reduced pressure to provide (0.07 g, 88%) of an oil. 

Add tetrapropylammonium perruthenate (0.35 g) to a mixture of (2-fluoro-4- 
methylamino-phenyl)-methanol (0.18 g), 4-methylmorpholine N-oxide (0.38 g) and 

15 freshly activated powdered molecular sieves (0.30 g) in dry dichloromethane (10 mL) at 
room temperature under a nitrogen atmosphere. Stir for 30 minutes and add more 
dichloromethane and filter through a florisil-Celite® pad. Concentrate under reduced 
pressure to provide (0.25 g, 76%) of the title compound as an oil. 

20 Preparation 95 

l-isopropylsulfonyl-2-chloro-6-iodobenzimidazole 
Add l-isopropylsulfonyl-2-amino-6-iodobenzimidazole (0.20 g, 0.55 mmol) in 
three portions over 5 minutes to a suspension of copper(IT) chloride (0.089 mg, 0.66 
mmol) and te/t-butylnitrite (0.085 g, 0.1 mL, 0.82 mmol) in 2 mL acetonitrile at 65°C. 

2 5 After 30 minutes pour the resulting green solution into water and extract the aqueous layer 
with ethyl acetate (3 X 25 mL). Wash the combined organic phases sequentially with 
water (2 X 15 mL) and saturated aqueous sodium chloride (15 mL), dry over sodium 
sulfate, filter and concentrate under reduced pressure to provide the title compound (0.18 
g, 85%). 

30 
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1 Preparation 96 

2-(tert4butyl-dimethyl-silyloxy)-l-[2-cM 

i 

! yl]-2-phenyl-ethanone 

Under a nitrogen atmosphere, add tert-butyl nitrite (2.44 mL, 18.45 mmol, 1.5 

i 

5 equiv) cttopwise to a stirred suspension of C11CI2 (2.20 g, 14.76 mmol) in 43 mL of 
CH3CN. 1 Heat the resulting mixture at 65°C and slowly add l-[2-amino-3-(propane-2- 
sulfonyl>3H-benzoimidazol-5-yl]-2^ (6 

1 

g, 12.3 mmol, 1 equiv) in portions over a total period of 10 minutes. Stir the mixture for 

1 

30 minutes, cool down to room temperature, pour over 200 mL of water, and dilute with 

1 

1 0 200 mL of EtOAc. Separate the phases and back extract the organic one with more 
EtOAc (three times). Dry the combined organic phases over MgSC>4, filter, and 
concentrate in vacuo to afford crude product which is purified by chromatography using 

CH 2 C1 2 a^ eluent. 42% yield. MS(ES + ): rn/z = 507.1 (M+H) + 

1 
1 

15 , Preparation 97 

l-[2-berdyl axnino-3-(propane-2-sulfonyl)-3H-benzimidazol~5-yl]-2-(rerr-butyl-dimethyl- 
\ silyloxy)-2-phenyl-ethanone 
Toja stirred solution of starting 2-(/err-butyl-dimethyl-silyloxy)-l-[2-chloro-3- 
(propane-^-sulfonyl)-3H-benzimidazol-5-yl]-2-phenyl-ethaiione (588 mg, 1.16 mmol, 1 
2 0 equiv) in 2j mL of dry THF, add benzyl amine (0.4 mL, 3.48 mmol, 3 equiv) dropwise. 
Heat the resulting yellow solution at 40°C for 30 minutes, cool down to room 
temperature, and add water and CH2CI2. Separate the phases and back extract the organic 
one with m|ore CH2CI2 (three times). Dry the combined organic phases over MgSC>4, 
filter, and Concentrate in vacuo to afford crude product. Purify by chromatography using 
2 5 CH 2 Cl 2 :hexanes (3:1) to provide the title compound (80% yield). MS(ES + ): m/z = 578.2 
(M+H) + 



» Preparation 98 

2-(te#-butyl-dimethyl-silyloxy^ 

1 

3 0 1 benzoimidazol-5-yl]-2-phenyl-ethanone 

t 

Prepare essentially as described in the previous preparation (Preparation 97) 

1 

starting from 2-(^rr-butyl-dimethyl-silyloxy> 1 -[2-chloro-3-(propane-2-sulf onyl)-3H- 
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benzimidazol-5-yl]-2-phenyl-ethanone (760 mg, 1.50 mmol), ethyl amine (0.25 mL, 4.50 
mmol, 3 equiv) in 2 mL of THF. Yield: 84%. MS(ES+): m/z = 516.3 (M+H) + 

Preparation 99 

5 l-isopropylsulfonyl-2-amino-6-(2-ethoxycarbonyl)-l--hyciroxy-2-phenylethyl)- 

benzimidazole: 

To a stirred solution of ethyl phenylacetate (18.5 mmol, 5 equiv.) in dry THF (20 
mL) add lithium hexamethyldisilazane (LJIMDS) (0.5 M in THF, 22.2 mmol, 6 equiv) at 
-78°C. Stir the mixture under nitrogen for 30 minutes and then add to a solution of 1- 

10 isopropylsulfonyl-2-ainino-6-formylbenzimidazole (Preparation 1, 1 g, 3.7 mmol) in THF 
(60 mL). Stir the reaction at -78°C and follow by TLC. Then, add saturated NH4CI (20 
mL) and ethyl acetate (100 mL). Separate the phases and extract the aqueous layer with 
ethyl acetate (3 x 50 mL). Dry the combined organic phases (Na2SC>4) and concentrate in 
vacuo. Wash the crude product with hexane and wash the remaining solid by 

15 dichloromethane to afford the corresponding compound (0.75 g, 62% yield). 

Preparation 100 

14sopropylsulfonyl-2-amino-6-(a-((l-hydroxy)-a-(phenyl)acetyl)-benzimidazole: 
To a stirred solution of IBX (3.48 mmol) in DMSO (5 mL) add 1- 
20 isopropylsulfonyl-2-amino-6-(2-ethoxycarbonyl)-l-hydroxy-2-phenylethyl)- 

benzimidazole (2.32 mmol, 1.5 equiv.) at room temperature and stir the mixture overnight 
(16 hours). Then, add a saturated solution of NaCl (50 mL followed by ethyl acetate (100 
mL). Separate the phases and the extract the aqueous layer with ethyl acetate (3 x 50 
mL). Wash the organic phase with Na 2 S2C>3 (25 mL) and dry the combined organic 

2 5 phases (Na 2 S0 4 ). Chromatograph using hexane: ethyl acetate 1:4 to afford the 

corresponding compound (90% yield). 

Preparation 101 
N-[isopropylsulfonyl]-4-methoxy-benzylamine 

3 0 Add 4-methoxy-benzyl amine (1 1 .7 m, 89.5 mmol) to a solution of isopropyl 

sulfonyl chloride (5.0 mL, 44.74 mmol) in dichloromethane (100 mL) and stir for 18 
hours at ambient temperature. Wash solution with 1 N hydrochloric acid (3X100 mL), 
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i 
i 

dry with riciagnesium sulfate and concentrate. Purify on silica gel with hexane/ethyl 

i 

acetate mixtures to give 4.73 g (43%) of the title compound as a white solid. MS(ES~): 
in/z = 242.1 (M-H)- 

i 
I 

I 

1 

Preparation 102 

Nj- [isopropylsulf onyl] -N- [5-fluoro-2-nitrophenyl] -4-methoxybenzylamine 
Suspend sodium hydride (60% in mineral oil, 0.85 g, 21.2 mmol) in 
tetxahydrojfuran (100 mL). Add 1 N-[isopropylsulfonyl]-4-methoxy-benzylamine 

(4.73 g, 19.45 mmol) in tetrahydrofuran (400 mL) and heat to 70°C. Stir 10 minutes, 

i 

then add 2,4-difluoronitrobenzene (3.2 mL, 29.2 mmol) in one portion and stir 18 hours at 

i 

70°C. Cool to ambient temperature and remove solvents under reduced pressure. 
Dissolve in ethyl acetate and wash twice with 1 N HC1 aq., three times with saturated 
sodium hydrogen carbonate, saturated sodium carbonate, 1 N HC1 aq., dry magnesium 
sulfate, filter and remove solvents under reduced pressure. Purify on silica gel with 
dichloromjethane/hexane mixtures to give 5.395 g (72%) of the title compound. 

i 

i 

Preparation 103 

N- [isopropylsulf onyl] -N- [5 -(2-phenylimidazol- 1 -yl)-2-nitrophenyl] - 4-methoxybenzyl 

i 

( amine 
Dissolve N-[isopropylsulfonyl]-N-[5-fluoro-2-nitrophenyl-4-methoxybeiizylaimne 
(0.36 g, 0194 mmol) and 2-phenyl-imidazole (0.20 g, 1.41 mmol) in N,N-dimethyl 

i 

i 

formamids (4 mL). Add sodium hydride (60% in mineral oil, 0.056 g, 1.41 mmol) and 
heat to 90lC for 30 minutes. Cool to ambient temperature and remove solvents under 
reduced pressure. Purify on silica gel with dichloromethane/ethyl acetate mixtures to give 
0.31 g (65%) of the title compound. 

I 

I 

I 

! Preparation 104 

i 

N-(Iisopropylsulfonyl]-N-[5-(2-phenyl-imidazol-l-yl)- 2-nitrophenyl]-amine 

i 

Cool a flask containing N-[isopropylsulfonyl]-N-[5-(2-phenylimidazol-l-yl)-2- 

i 

nitrophenyl]- 4-methoxybenzyl amine (0.30 g, 0.58 mmol) in an ice bath and add ice cold 
trifluoroacetic acid (5 mL), then warm to ambient temperature and stir for 18 hours. 

< 

i 
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Remove solvent under reduced pressure. Dissolve in dichloromethane and wash with 
saturated sodium hydrogen carbonate, dry with magnesium sulfate, filter and purify on 
silica gel with dichloromethane/ethyl acetate mixtures to provide 0.21 g (92%) of 1- 
isopropylsulfonyH2-mtxo-5-(2^ MS(ES + ): m/z = 

387.1 (M+H) + 

Pre paration 105 

N- [isopropylsulf onyl]-N- [2-amino-5-(2-phenyl-imidazol - 1 -yl)-phenyl]-amide 
Add N-[isopropylsulfonyl]-N-[5-(2-phenyl-imidazol-l-yl)- 2-nitrophenyl]-amine 
(0.20 g, 0.52 mmol), 30% palladium on carbon (0.02 g)> methanol (10 mL) and 
hydrogenate under a balloon of hydrogen gas for 2 hours. Filter and remove solvents 
under reduced pressure. Purify on silica gel with dichloromethane/ethyl acetate mixtures 
to give 0. 12 g (63%) of the title compound MS(ES+): m/z = 357. 1 (M+H) + 

* 

Preparation 106 
2-amino-benzothiazole-6-carboxaldehyde 
Under nitrogen atmosphere, slowly add phenyl lithium (5 mL, 9.16 mmol, 2.1 
equiv from a solution 1.8 M in cyclohexane/ether, 70/30) to a cold (-78 D C) solution of 
commercially available 2-bromo benzothiazole in 30 mL of dry THF. After the addition 
is complete stir the mixture for 5 minutes and add t-butyl lithium (5.6 mL, 9.16 mmol, 2.1 
equiv from a solution 1.7 M in pentane). The mixture will turn from a creamy white 
color to green over lhour. At this point, rapidly add formyl piperidine (2.4 mL, 21.8 
rnmol, 5 equiv) dropwise and warm the mixture slowly to (>lhour) 0°C. Quench the 
reaction into a mixture of cold saturated NH4CI and extract with EtOAc. Separate the 
phases and back extract the organic one with more EtOAc (three times). Dry the 
combined organic phases over MgSCU, filter and concentrate in vacuo to afford the 
Idehyde (50% yield). 

Preparation 107 
2,4-dibromonitrobenzene 
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A4d 1,3 dibromobenzene (25g) over sulfuric fumante acid (20 mL). Stir for 5 
hours at rcfom temperature and then pour into ice-water, extract with ethyl acetate, wash 

with saturated aqueous sodium chloride, dry over magnesium sulfate and concentrate 

i 

under reduced pressure. Crystallize the residue with methanol to provide (26.8 g, 90%) of 
the desired product a light yellow solid. MS(ES + ): m/z = 281.90 (M+H) + 



' Preparation 108 

i 

i (5~bromo-2-nitro-phenyl)amine 

i 

In a sealed reaction tube, add cautiously 6 mL of an aqueous solution of ammonia 

i 

1 0 (32%) to a solution of 2,4-dibromonitrobenzene (1,6 g) in 2 mL of DMSO. Stir for 18 

i 

hours at 10O°C and cool to room temperature. Pour the heterogeneous mixture into water 

i 

and filter the title compound (1.1 g„ 92%) as a yellow solid. 



15 ( Preparation 109 

| 3-amino-4-nitro- 1 -phenylethynyl-phenyl 

Adcl Pd(OAc) 2 (31 mg), Cul (43 mg) and PPh 3 (48 mg) to a mixture of 5-bromo- 
2-nitro-ph^nyl amine (0.5 g) in 6 mL of EtsN. Bubble nitrogen for 5 minutes and add 
phenylacetylene (0.37 mL). Stir the mixture at 90°C for 1 hour and cool to room 

2 0 temperature. Remove triethylamine in vacuo and partition the residue between saturated 

aqueous sqdium chloride and EtOAc. Separate the phases, dry the organic one over 
MgSC>4, filjter and evaporate. Purify the residue by chromatography eluting with a 8: 1 
mixture of IhexanerEtOAc to give the title compound (0.49 g, 90%) as a yellow solid. 

! 
1 
i 

25 i Preparation 110 

3-isopropylsulfonamidyl-4-nitro~l-phenylethynyl phenyl 

i 

Addisopropyl sulphonyl chloride (0.93 mL) and l,8-diazabicyclo(5,4,0)undec-7- 

i 
i 

ene (DBU) (2.48 mL) to a solution of 3-amino-4-nitro-l -phenylethynyl-phenyl (1 g ) in 
40 mL of CH2CI2. Stir at 45°C for 17 hours and cool to room temperature. Dilute with 

3 0 more CH2GI2 and wash with 10% HC1 aqueous solution and water. Dry the organic phase 

over magnesium sulfate, and concentrate under reduced pressure. Purify the residue by 
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silica gel chromatography, eluting with 1:1 hexane: CH2CI2 to provide the title compound 
(0.76 g, 53%) as a yellow solid. 

Preparation 111 

5 3 -isopropylsulf onamidyl-4-nitro- 1 -(phenyl-ethanone)-phenyl 

Add 30 mL from an aqueous solution of HgO (624 mg) in 100 mL of 4% H2SO4 
to a solution of 3-isopropylsulfonamidyl-4-nitro-l-phenylethynyl phenyl (1.48 g) in 40 
mL of methanol. Stir at 100°C for 17 hours and cool to room temperature. Neutralize the 
mixture with a saturated aqueous solution of NaHCC>3 and extract with CH2CI2 (two 
10 times). Separate the phases, dry the organic phase over magnesium sulfate and 

concentrate under reduced pressure. Purify the residue by silica gel chromatography, 
eluting with 1:2 hexane: CH2CI2 to provide the title compound (1.2 g, 79%) as a yellow 
solid. MS(ES): m/z = 361.3 (M-H)". 

15 Preparation 1 12 

3-isopropylsulfonamidyl-4-nitro-l-(5-phenyl)-pyrazol-4-yl 
Add dimethylformamide (DMF)-dimethylacetal (0.9 mL) to a stirred solution of 3- 
isopropylsulfonamidyl-4-nitro-l-(phenyl-ethanone)-phenyl (0.5 g) in 1.5 mL of dry DMF. 
Heat the mixture at 80 °C for 1 h and 45 min, cool down to room temperature and remove 

2 0 the solvents in vacuo. Dissolve the residue in 8 mL of EtOH and add 0.5 mL of 

anhydrous hydrazine. Stir for 17 hours and concentrate under reduced pressure. Purify 
the residue by silica gel chromatography eluting with 5% CHsCb'.MeOH to provide the 
title compound (0.5 g, 86%) as a red solid. MS(ES + ) in/z = 387.4 (M+H) + 

25 Preparation 113 

3-isopropylsulfonamidyl-4-amino-l-(5-phenyl)-pyrazol-4-yl-phenyl 
Add 10% weight Pd/C catalyst (250 mg) to a stirred suspension of nitroaniline 
(0.5 g) in 10 mL of EtOH. Purge the suspension with hydrogen for 5 minutes and stir the 
mixture under hydrogen atmosphere (1 atm) for 3 hours. Concentrate under reduced 

3 0 pressure and subject the residue to silica gel chromatography, eluting with 5% 

CH 2 Cl 2 :MeOH to provide the title compound (0.3 g, 70%) as a solid. MS^S*): m/z = 
357.1 (M+H) + 
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i Preparation 114 

i 3~isopropylsulfonaimdyl-4-m^ 

Add sodium azide (0.033 g) to a solution of 3-isopropylsulfonamidyl-4-nitro-l- 
phenylethynyl (0.173 g) in 5 mL of dimethoxyethane. Heat to reflux (80°C) for 2 hours, 
5 then coo^ to room temperature. Add 10 mL of 1 N hydrochloric acid and extract with 

ethyl acetate (20 mL) and wash with saturated aqueous sodium chloride (2 x 10 mL). Dry 
the remaining organic phase over sodium sulfate and concentrate under reduced pressure. 
The residue is purified by chromatography eluting with ethyl acetaterhexane (1:1) to 
provide (0.10 g, 50%) of the title compound as yellow solid. MS(ES + ): m/z = 388.42 
10 (M+H) + i 



i Preparation 115 

t 

, 3-isopropylsulfonairudyl-4-amino-l-(5-phenyl)- 1 ,2,3-triazol-4-yl 
Add tin(II) chloride dihydrate (0.350 g) to a mixture of 3-isopropylsulfonamidyl- 

i 

15 4-nitro-l-([5-phenyl)-l,2 > 3-triazol-4-yl (0.10 g), ethanol (5 mL) and ethyl acetate (10 mL). 
Heat the mixture at 70°C for 3 hours. Pour the mixture onto ice-water. Add saturated 
aqueous sodium bicarbonate and extract with ethyl acetate. Separate the layers, dry over 
sodium sulfate and concentrate under reduced pressure. Subject the residue to silica gel 
chromatography eluting with"l:l ethyl acetaterhexane to provide (0.084 g, 92%) of the 

2 0 title compound as white solid. MS(ES + ): m/z = 358.4 (M+H) + 

i 
I 

I 

! Preparation 116 

; l-dimethylaminosulfonyl-2-amino-benzimidazole 
To a solution of sodium hydroxide (1.8 g) in water (9 mL) add acetonitrile (44 
25 mL). To this solution, add 2-aminobenzimidazoIe (3.0 g, 22.5 mmol) and 

dimethylsulfamoyl chloride (2.4 mL, 22.5 mmol). Stir the reaction mixture at room 
temperaturel, overnight. Then, cool the mixture at 0°C and the product crystallized from 
solution. Filter the product and dry it in vacuum to provide 5.0 g (90 % yield) of the title 
compound als a white solid. MS(ES + ): m/z = 241.1 (M+H)* 



Preparation 117 
l-dimethylaminosulfonyl-2-ai3iino-^--iodobenzimidazole 



BNSDOCID: <WO 200401 4900A1 J _> 



WO 2004/014900 



-61- 



PCT/US2003/0 19890 



Add l-dimethylaminosulfonyl-2-amino-benzimidazole (1.0 g, 4.2 mmol) to acetic 
acid (10 mL) to form a solution. To this solution, add N-iodosuccinimide (0.945 g, 4.2 
mmol) and heat the reaction mixture at 55°C overnight. Cool the mixture at 0°C and add 
water. The product crystallized from solution. Filter the solid and dry it in vacuum to 
provide 1.5 g (99%) of title compound. MS(ES+): m/z = 366.9 (M+H) + 

Preparation 118 

l-dimethylaminosulfonyl-2-aminO'6-(phenylethynyl)benzimidazole 
Beginning with l-dimethylaminosulfonyl-2-amino-6-iodobenzimidazole, prepare 
the title compound essentially as described in Preparation 52. (88% yield). MS(ES + ): m/z 
= 341.0 (M+H) + ^ 

Preparation 119 

1 -dimethylaminosulfonyl-2-amino-6-(2-phenyl-ethane- 1 ,2-dionel)benzimidazole 
Beginning with l-dimethylaminosulfonyl-2-amino-6- 
(phenylethynyl)benzimidazole, prepare the title compound essentially as described in 
Preparation 54. (72% yield). MS^S*): m/z = 373.0 (M+H) + 

■ 

Example 1 

14sopropylsulfonyl-2-amino-6-(2-(thien-2-yl)-5-(phenyl)-imidazol-4-yl)-be 

methanesulfonate 

Add thiophene-2-carboxaldehyde (3.16 mL, 33.8 mmol) to a stirring mixture of 1- 
isopropylsulfonyl-2-amino-6-(a-((terr-b^ 

benzimidazole (15.0 g, 30.8 mmol), copper(II) acetate (11.2 g, 61.5 mmol), and 
ammonium acetate (23.7 g, 308 mmol) in acetic acid (300 mL). Heat the mixture at 95- 
100°C and stir vigorously for 2 hours. Cool the mixture to 15°C, pour into a mixture of 
750 mL saturated aqueous ammonium chloride and 250 mL concentrated ammonium 
hydroxide. Adjust the mixture to pH 10 with ammonium hydroxide precooled to 5°C and 
then add 4 L 4:1 ethyl acetate:methanol. Separate the layers and wash the organic layer 
with saturated aqueous ammonium chloride (500 mL), dry over magnesium sulfate and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography 
eluting with dichloromethane containing from 15-50% acetonitrile and 0.5% 
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i 

triethylalmine. Suspend the recovered material in ethanol (75 mL), warm to 55-60°C for 
30 minuses, cool to -10°C for 30 minutes, filter, wash sequentially with cold ethanol 
followed by diethyl ether. Dry under reduced pressure to provide the title compound in 
40% yield as a dark yellow powder. MS(ES + ): m/z = 464.1 (M+H) + 

E 

5 To a homogeneous solution of l-isopropylsulfonyl-2-amino-6-(2-(thien-2-yl)-5- 

i 

(phenyl)4-imidazol-4-yl)-benzimidazole (0.4 g, 0.86 mmol) in 10% 

methanol/dichloromethane (10 mL) add 1 N solution of methane sulfonic acid in the same 
reaction mixture (10% methanol/dichloromethane) (0.86 mL, 1 equivalent). Stir the 
mixture 2ft room temperature for 2 hours, remove the solvents under reduced pressure, 
10 triturate the residue and stir with diethyl ether (80 mL) for 3 hours. Filter the solid and 
dry under vacuum to yield a pale cream solid. 97 % Yield. MS(ES + ): m/z = 

464.1 (M+H)*. 

i 

The compounds of Examples 2-62 may be prepared essentially as described in 
Example 1 as either the free base or the methanesulfonate salt. The dimethanesulfonate 
15 salt can a^so be prepared using essentially the same procedure described in Example 1 
with 2.0 equivalents of methanesulfonic acid. 



Exampfe 


Compound 


MS^S 4 ): m/z 


2 ; 

i 


l-isopropylsulfonyl~2-amino-6-(2-(thien-2-yl)-5-(4- 
fluorophenyl)-imidazol-4-yl)-benzimidazole 


480.1 (M+H) + 


3 

l 

J 


l-isopropylsulfonyl-2-amino-6-(2-(thien-2-yl)-5-(3- 
trifluorophenyl)-imidazol-4-yl)~benzimidazole 


532.0 (M+H) + 


4 


l-isopropylsulfonyl-2-amino-6-(2-(thien-2-yl)-5-(4- 
trifluorophenyl)-imidazol-4-yl)-benzimidazole 


532.1 (M+H) + 


5 ' 

1 


14sopropylsulfonyl-2-amino-6-(2-(5--nitrothien-2-yl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 


507.1 (M+H) + 


6 

i 


14sopropylsulfonyl-2-amino-6-(5-(phenyl)-imidazol-4- 
yl)-benzimidiazole 


382.2 (M+H) + 


7 ' 

1 


l-isopropylsulfonyl-2~amino-6-(5-(4-fluorophenyl)- 
imidazol-4-yl)-benzimidazole dimethanesulfonate 


400.1 (M+H) + 


8 , 

i 


l-isopropylsulfonyl-2-amino-6-(5-(3-trifluoromethyl)- 
imidazol~4-yl)-benzimidazole 


450.2 (M+H) + 


9 1 

1 


l-isopropylsulfonyl-2-amino-6-(2,5-(diphenyl)- 
imidazol-4-yl)-benzimidazole 


458.5 (M+H) + 


10 i 

1 


l-isopropylsulfonyl-2-amino-6-(2-(2-chlorophenyl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 


492.0 (M+H) + 


11 ' 

i 


14sopropylsulfonyl-2-amino-6-(2-(3-chlorophenyl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 


492.0 (M+H) + 


12 

1 


l-isopropylsulfonyl-2-amino-6-(2-(4-chlorophenyl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 


492.0 (M+H) + 



\ 

I 
i 

I 

I 
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13 


l-isopropylsulfonyl-2-amino-6-(2-(4-methoxyphenyl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 


487.8 (M+H) + 


14 


l-isopropylsulfonyl-2-amino-6-(2-(4-nitrophenyl)-5- 
(pnenyl)-imiaazol-4-*-yl)-oenzimiaazole 


502.8 (M+H) + 


15 


1 -isopropylsulf onyl-2-amino-6-(2-(4- 

dimethylairdnophenyl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


501.5 (M+H) + 


16 


l-isopropylsulfonyl-2-ainino-6-(2-(pyridin-4-yl)-5- 
(phenyl)4midazol-4-yl)-benzimidazole 


459.1 (M+H) + 


17 


l-isopropylsulfonyl-2-aTTJino-6-(2-(thiazol-2-yl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 


464.9 (M+H) 


18 


l-isopropylsulfonyl-2-amino-6-(2-(l- 

(ethoxycarbonyl)ethen-2-yl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


480.4 (M+H) + 


19 


l-isopropylsulfonyl-2-aTnmo-6-(2-(l-(te7t- 

1_ . \ -|\ - 'J * A 1 X est- 1\ • • 1 t A 

butoxycarbonyl)pipendin^yl)-5-(phenyl)~imidazol-4- 
yl)-benzimidazole 


565.3 (M+H) + 


20 


l-isopropylsulfonyl-2-anuno-6-(2-(l-(re7t- 
butoxycarbonyl)pipendin-4-yl)-5-(4-fluorophenyl)- 
imidazol-4-yl)-benzimidazole . 


583.2 (M+H) + 


21 


1 -isopropylsulf onyl-2-amino-6-(2-( 1 - 

(benzyloxycarbonyl)pipendin-4-yl)-5-(phenyl)- 

imidazol-4-yl)-benzimidazole 


599.2 (M+H) + 


22 


l-isopropylsulfonyl-2-ammo-6-(2-(benzo(l,3)-dioxolan- 

5-yl)-5-(phenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


502.2 (M+H) + 


23 


l-isopropylsulfonyl-2-aimno-6-(2-(5-ethylthiophen-2- 

yl)-5-(4-fluorophenyl)-imidazol-4-yl)-benziraidazole 

methanesulfonate 


510.1 (M+H) 


24 


l-isopropylsulfonyl-2-amino-6-(2-(2,6-dichlorophenyl)- 

5-(4-fluorophenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


544.1 (M+H) + 


25 


1 -isopropylsulf onyl-2-amino-6-(2-(4-(pyrrolidin- 1-yl)- 1- 
phenyl)-5-(phenyl)-inudazol-4-yl)-benzimidazole 


527.2 (M+H) + 


26 


l-isopropylsulfonyl-2-amino-6-(2-(2-(morpholin-4-yl)- 
phenyl)-5-(phenyl)-inudazol-4-yl)-benzimidazole 


543.3 (M+H) + 


27 


l-isopropylsulfonyl-2-amino-6-(2-(2-(4- 
methylpiperazin- 1 -yl)-phenyl)-5 -(phenyl)-imidazol-4- 
yl)-benzimidazole 


556.3 (M+H) + 


Zo 


l -isopropylsulionyl-z-ammo-o- v z-(Z,o-diiiuoropnenyi ^~ 
5-(4-fluorophenyl)-imidazol-4-yl)-benzimidazole 




29 


l-isopropylsulfonyl-2-amino-6-(2-(2,4-difluorophenyl)- 
5-(phenyl)-imidazol-4-yl)-benziinidazole 


494.2 (M+H) + 


30 


l-isopropylsulfonyl-2-amino-6-(2-(cyclohexyl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 


464.2 (M+H) + 


31 


l-isopropylsulfonyl-2-amino-6-(2-(cyclohexyl)-5-(4- 
fluorophenyl)-imidazol-4-yl)-benzimidazole 


482.2 (M+H) + 
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* 


1 -iQfmrnTwlQTilf^Tivl-^-ATTiinn-6-f'?-f' /v^yf-hiitvl^-S- 

JL loUUiUL/ylu LXXX\Jxiy X CLl I UUU U y>0 ^tC/ fUULjrl^ — 

(phenyl)-imi dazol-4-yl)-benzimidazole 


438 2 fM+tn + 


33; 

1 


l-isopropylsulfonyl~2-amino-6-(2-(tetrahydropyran-4- 


466,2 (M+H) + 


34 1 

i 
1 


14sopropylsulfonyl-2-amino-6-(2-(tetrahydropyran-4- 
yl)-5-(4-fluorophenyl)-imidazol-4-yl)-benzimidazole 


484.2 (M+H) + 


^ i 

i 


l -isopropyisuiionyi-z-aiinno-o-v,z-^ ,D-uiiiuoropnenyi 
5-(phenyl>imidazol-4-yl)-benziinidazole 


4Q4 9 rM-uT^H* 


30 

i 

i 
> 


i -lsopropyisuiionyi-z-amino-o-^z- 

trifluoromethylphenyl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


DZO.Z ^IVl-rxlJ 


j D I 

1 
1 
1 


i-isopropyisuiionyi-z-aiiiino-o-^z-^z- 

trifluoromethoxyphenyl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


oh-z.z ^ivn-ri^ 


JO 1 

i 


i -lsopropyAouiionyi-z-diinno-o-^^-vz, o-uixi uoropneii yi ^~ 
5-(phenyl)-imidazol-4-yl)-benzimidazole 


4Q4 9 f1VloJPn + 


39 ; 

t 

i 


1 -isopropylsulfonyl-2-amino-6-(2-(2- 

t"P1 fill r\T"OTY"l£ :k i'T'l'\/lT"»Vj£»T1 ^\ — ( iVhrf^TlA/l 1— 1 TY1 1 f"1 il 7 fVI — 4—^/1 ^ _ 

LiiiiuL/iuiiicLiiyipiiciiyx j-^piidijri ) x\x\x\Ji<XMt\jx^-\ — y x J- 

benzimidazole 


526.2 (M+H) + 


40 ' 

i 

i 

i 


l-isopropylsulfonyl-2-amino-6-(2-(4-tolylphenyl)-5- 
vpnenyi j-iiiiiciazoi--^-yi j- DcnziiniQcLzoie 
dimethanesulfonate 


472.2 (M+H) + 


i 
i 

1 

1 


i -l sopropyisuiioiiyi-z-aiiiino-o-vZ-^4- 
acetylaminophenyl)-5-(phenyl)-irnidazol-4-yl)-- 
Denzimiaazoie metnanesuiionate 




42 l 

i 

i 

i 


l-isopropylsulfonyl-2-amino-6-(2-(fluorophenyl)-5- 
(phenyl)-imidazol-4-yl)-benzimidazole 

uiine mimes uiionaue 


476.2 (M+H) + 


43 « 

i 


l-isopropylsulfonyl-2-amino-6-(2-(^rt-butyl)-5-(4- 
fluorophenyl)-inudazol-4-yl)-benzimidazole 


456.3 (M+H) + 


i 


i - isopropyi&uiionyi-z~diiiino-o-\ k ^-v.Den j j 
(phenyl)-imidazol-4-yl)-benzimidazole 




45 

i 
i 


l-isopropylsulfonyl-2~amino-6-(2-(thien-3-yl)-5-(4-- 
iiuoropnenyi ^-liniQaZoi-^r-yi y-Denz,iiiiiadzuie 
dimethanesulfonate 


464.58 (M+H) + 


46 i 

i 

i 
i 


l-isopropylsulfonyl-2-amino-6-(2-(5-chloro-thien~2-yl)- 

3-^pnenyi^-imiaazoi^-yij~DenziiiLiaazoie 

methanesulfonate 


499.03 (M+H) + 


47 ! 

i 


1 -i QrinrrfcTivl ci il "f on vl - aTTiiTi n-fS-f 'T.-TS -pVkl r>TO-tVi i pti -0 -vl^- 

5-(4-fluorophenyl)-iinidazol-4-yl)-benzimidazole 
methanesulfonate 


517 02 fM+HY 1 ^ 


48 ; 

I 

i 
t 


l-isopropylsulfonyl-2-amino-6-(2-(pyridin-3-yl)-5- 

(phenyl)-imidazol-4-yl)-benzimidazole 

dimethanesulfonate 


459.55 (M+H) + 


49 1 

) 


1 -isopropylsulf onyl-2-amino-6-(2-(imidazol-2-yl)-5 - 
(phenyl)4midazol-4-yl)-benziinidazole 


448.52 (M+H) + 
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l-isopropylsulionyl-2-amino-o-(2-(2-cnIoro-D- 

fluorophenyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole 

dimethanesulfonate 


MU.i (M+ri) 


51 


l-isopropylsulfonyl-2-amino-6-(2-(2-chloro-6- 
fluorophenyl)-5-(4-fluorophenyl))-imidazol-4-yl)- 
benzimidazole methanesulfonate 


COO "I /TV /T i TT\+ 

528.1 (M+H) 


52 


l-isopropylsulfonyl-2-amino-6-(2-(2-fluoro-6- 
trifluoromethylphenyl)-5-(phenyl)-iinidazol-4-yl)- 
benzimidazole methanesulfonate 


CA A O /"\ if i TT\~^ 

544.2 (M+H) 


53 


l-isopropylsulfonyl-2-amino-6-(2-(2-fluoro-4- 

nitrophenyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


521.55 (M+H) 


54 


l-isopropylsulfonyl-2-arnmo-6-(2-(2,5-diiluoropnenyl)- 

5-(phenyl)-imidazol-4-yl)-benzimidazole 

dimethanesulfonate 


494.54 (M+H) 


55 


l-isopropylsulfonyl-2-amino-6-(2-(4-cnloro-2- 

fluorophenyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


510.1 (M+H) 


56 


l-isopropylsulfonyl-2-ammo-6-(2-(2-chlorophenyl)-5- 

(phenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


A r\0 AA /A Jf ■ TJPV+ 

493.00 (M+H) 


57 


l-isopropylsulfonyl-2-amino-6-(2-(4- 
trifluoromethoxyphenyl)-5-(phenyl)-imidazol-4-yl)- 
benzimidazole dimethanesulfonate 


542.5o (M+H) 


58 


l-isopropylsulfonyl-2-ammo-6-(2-(2-methylphenyl)-5- 

(phenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


472.59 (M+H) 


59 


1 -isopropylsulf onyl-2-ammo-6-(2-(4- 
methylsulfonamidophenyl)-5-(phenyl)-imidazol-4-yl)- 
benzimidazole methanesulfonate 


551.66 (M+H) 




1-isopropylsuitonyl-z-amino-o-^z-^^- 
methylsulfonylphenyl)-5-(phenyl)-imidazol-4-yl)- 
benzimidazole dimethanesulfonate 


£i/t /'A/T-lTTY*' 
00*f.O<+ ^IVL+xlJ 


61 


l-isopropylsulfonyl-2-amino-6-(2-(2-fluoro-4- 

methylaminophenyl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


505.59 (M+H) + 


62 


l-isopropylsulfonyl-2-amino-6-(2-(2,6-difluoro-4- 
(pyrrolidin- 1 -yl-etiioxy)-phenyl)-5-(phenyl)-imidazol-4- 
yl)-benzimidazole dimethanesulfonate 


607.70 (M+H) + 



Example 63 

l-isopropylsulfonyl-2-amino-6-(2-(2-fluoro-4-aimnophenyl)-5-(phenyl)-imidazol-4-yl) 

benzimidazole 



1 

I 

t 

I 

I 

WO 2004/014900 PCT/US2003/019890 
I -66- 

I 

I 

I 
i 

Reflux a mixture of l-isopropylsu!fonyl-2-amino-6-(2-(2-fluoro-4-nitrophenyl)-5- 

i 
i 

(phenyl)rimidazol-4-yl)-benzimidazole (0.59 g), ammonium formate (0.29 g) and Pd/C 
(10%, 0.12 g) in ethanol (20 mL) at 95°C for 6 hours. Filter over Celite® and concentrate 
filtrate under reduced pressure to provide the title compound (0.41 g, 75%). MS(ES + ): 
m/z = 491.2 (M+H) + 

Example 64 

l-isopropylsulfonyl-2-araino-6^ 

benzimidazole 

i 

To a solution of 14sopropylsulfonyl-2-amincK6-(a-((ferf-butyldimethylsilyl)oxy)-- 

i 

a-(phenyl)acetyl)benzimidazole (1.16 g, 2.37 mmol) in 20 mL of glacial acetic acid add 

i 

copper II acetate (861 mg, 4.74 mmol), ammonium acetate (2.92 g, 28.44 mmol) and 4- 

i 

(N-^/t-butoxycarbonyl-N-ethyl-amino) benzaldehyde (630 mg, 2.84 mmol). Stir the 

i 

reaction nprixture at 80°C for 3 hours. Concentrate the solvent and dissolve the residue in 
ethyl acetate/methanol (20%), pour in 3:1 saturated aqueous ammonium chloride 
solution/ammonia 30%, and extract with ethyl acetate; wash the organic layers with 
saturated ammonium chloride, saturated aqueous sodium chloride, dry over sodium 

sulphate and concentrate. Dissolve 1.43 g of residue in 40 mL of dichloromethane and 

i 

add 1.82 rtiL of trifluoroacetic acid (TFA). Stir the mixture at room temperature under 

i 

argon atmosphere for 3 hours. Then, concentrate the solvent, dissolve the residue in ethyl 
acetate/mejthanol (20%), and wash with saturated sodium bicarbonate and saturated 

aqueous sodium chloride, dry over sodium sulphate and concentrate. Purify the obtained 

i 

solid by chromatography eluting with dichloromethane/methanol (2%) to obtain 273 mg 

of title compound. Yield 27%. MS0ES+): m/z = 501.2 (M+H) + 

[ 
i 

Example 65 

i 

1 -isopropylsulf onyl-2-amino-6-(2-(4-(2-(piperidin- 1 -yl)-ethoxy)phenyl)-S-(phenyl)- 

i imidazol-4-yl)-benzimidazole trifluoroacetate 

j 

To a solution of 4-(2-piperidin-l-yl)-ethoxybenzaldehyde (0.42 g, 1.8 mmol) in 
acetic acid (18 mL) (Kaliappa G., Tetrahedron Letter . 34(35), 5631-4, (1993)) add 1- 

i 

(isopropylsUlfonyl)-2-amino-6-(a-((terr-butyldimelhylsilyl)oxy)-a^ 
(phenyl)acejtyl)benzimidazole (0.88g, 1.8 mmol), ammonium acetate (1.39 g, 18 mmol), 
copper (IT) ^cetate (0.65 g, 3.6 mmol) under nitrogen. Heat the resulting reaction mixture 

! 
i 

i 
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to 100°C and stir for 2 hours. Cool to room temperature, and then concentrate the acetic 
acid. Dissolve the residue in methanol, pass the methanol solution through a SCX 
column, wash with methanol, then 2 N ammonia in methanol. Concentrate the solvent. 
Purify the residue by HPLC to give title compound as the trifluoroacetic acid salt (0.17 g, 
5 23%). MS(ES + ) m/z = 585.3 (M+H) + 

The compounds of Examples 66-75 may be prepared essentially as described in 



Example 65 . 





^ornpounci 


Mo(Ji»o ): m/z 


66 


l-isopropylsulfonyl-2-amino-6-(2-(4-(2- 
(dimethylamino)-ethoxy)phenyl)-5-(phenyl)-imidazol-4- 
yi ^-ocnzimicici/rOie tniiuorodceLaxe 


545.4 (M+H) + 


67 


l-isopropylsulfonyl-2-amino-6-(2-(3-(2-(morpholino-4- 
yl)-ethoxy)phenyl)-5-(phenyl)-imidazol-4-yl)- 
oenzimiQazoie niriuoroaceiaie 


587.4 (M+H) + 


68 


l-isopropylsulfonyl-2-amino-6-(2-(3-(2-(azepin-4-yl)- 
ethoxy)phenyl)-5-(phenyl)-imidazol-4-yl)- 
Denzimiaazoie iniiuoroacetate 


599.4 (M+H) + 


69 


1 -isopropylsulf onyl-2-aTni no-6-(2-(3 -(2-(pyrrolidin- 1 - 
yl)-ethoxy)phenyl)-5-(phenyl)-imidazol-4-yl)- 


571.4 (M+H) + 


70 


l~isopropylsulfonyl-2-amino-6-(2-(3-(2- 
dimethylaniino)-elhoxy)phenyl)-5-(phenyl)-imidazol-4- 
yl)-benzimidazole trifluoroacetate 


545.4 (M+H) + 


71 


1 -isopropylsulfonyl-2-amino 6-(2-(3-(2-(diethylamino)- 
ethoxy)phenyl)-5-(phenyl)-imidazol-5-yl)- 
benzimidazole trifluoroacetate 


573.4 (M+H)+ 


72 


1 -isopropylsulf onyl-2-amino-6-(2-(3-(2-(piperidin- 1 -yl)- 
ethoxy)phenyl)-5-(phenyl)-imidazol-4-yl)~ 
benzimidazole trifluoroacetate 


585.4 (M+H) + 


73 


l-isopropylsulfonyl-2-amino-6-(2-(4-(3- 
(dimethylamino)-propoxy)-3-fluorophenyl)-5-(phenyl)- 
imidazol-4-yl)-benzimidazoIe trifluoroacetate 


577.4 (M+H) + 


74 


l-isopropylsulfonyl-2-amino-6-(2-(3-fluoro-4-(2- 
(moipholino-4-yl)-ethoxy)phenyl)-5-(phenyl)-imidazol-- 
4-yl)-benzimidazole trifluoroacetate 


605.4 (M+H) + 


75 


l-isopropylsulfonyl-2-amino-6-(2-(3-fluoro-4-(2- 
(pyrrolidin-l-yl)-ethoxy)phenyl)-5-(phenyl)-imidazol--4- 
yl)-benzimidazole trifluoroacetate 


589.4 (M+H) + 



Example 76 

10 1 -isopropylsulf onyl-2-aiiiino-6-(2-(2,6-difluorophenyl)-.5-(phenyl)-oxazol-4-yl)- 

benzimidazole 
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To a solution of l-isopropylsulfonyl-2-amino-6-(a-((fert-butyldimethylsilyl)oxy)- 
a-(phenyl)ace1yl)-benzimidazole (5.84 g, 12.0 mmol) in acetic acid (glacial, 100 mL) add 
ammonium acetate (9.26 g, 120 mmol) and copper (I) acetate (4.31 g, 23.7 mmol), 

i 

followe4 by 2,6-difluorobenzaldehyde (1.41 mL, 13.1 mmol), and stir the mixture at 
100°C for 4 hours. Cool the mixture to 0°C and slowly pour over a mixture of NH4CI/ 
NH4OH 3:1, pH = 9. Dilute the mixture with H 2 0 (200 mL), extract with EtOAc (3 x 200 
mL), wa^h with saturated aqueous NaCl (150 mL), dry (Na 2 S04), and concentrate in 
vacuo. Pjurify the residue in a biotage system (eluent: CEfcCk/MeCN 5:1), and then by 
HPLC, tp afford a yellow solid, 675 mg, 11% yield. MS(ES+): m/z = 495.0 (M+H) + 



Example 77 
l-isopropylsulfonyl~2-amino-6-(2-(2^ 
benzimijdazole and l-isopropylsulfonyl~2-amino-6-(2-(2,6-difluorophenyl)-5-(phenyl)- 
\ imidazol-4-yl)-benzimidazo!e ethanolate 

15 Uiider a nitrogen atmosphere, combine l-isopropylsulfonyl-2-amino-6-(diketo-(2- 

phenyl)etHyl)-benzimidazole (225 g, 0.606 moles), NHUOAc (700.4 g, 9.08 moles), 
butanol (4^5 L), and 2,6-diflurorobenzaldehyde (172.2 g, 1.212 moles). Heat the resulting 
mixture to|55°C to give a yellow slurry. Cool the reaction mixture to 15°C and add water 
(2.5 L). After mixing for 15 minutes, separate the layers and back extract the organic 
2 0 phase with water (2.5 L). Separate the organic phase and concentrate under vacuum at 

55°C to give 513 grams of black oil. Dissolve the oil in MeOH (505 mL) at 5°C, and add 
methyl te/^-butyl ether (MTBE) (2.25 L) to the mixture over 1.5 hours. Cool the the 
resulting slurry slowly to 22°C and stir overnight. Filter the light brown solids and wash 
with MTBE (750 mL). Pull house vacuum on the solids for 1.5 hours to give 239 g of 

2 5 solid. Dissolve the solids in EtOAc (3.85 L) at 50°C, and add silica gel (250 g) to the 

mixture. After 0.5 hour, cool the mixture to cool to 35°C, vacuum filter over silica gel 

i 

(250 g wet tyith EtOAc), and rinse through with EtOAc (6 L). Concentrate the resulting 
mixture under vacuum at 50°C to give a light brown solid (233.6 g, 78%; HPLC >99 

area%; *H NMR indicates EtOAc included in the solid; DSC onset 106.65°C, maximum 

i 

3 0 116.79°C, 18.67 J/g). 

Prepare the ethanolate compound as follows: Dissolve 395 g of compound in 
EtOH (2 L) at 53°C and vacuum distill to dryness (this procedure may be repeated to 
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remove residual EtOAc from the compound; and may be confirmed by 1 HNMR). Slurry 
the resulting solids in EtOH (1.185 L) at 50°C for a few minutes and slowly cool to 22°C 
overnight. Cool the resulting slurry to -3 to 0°C and hold for 1 hour. Filter the resulting 
crystals, wash with EtOH (395 mL, 0°C), and dry under vacuum at 50°C to constant 
weight. Isolate the ethanol solvate (324 g, 84%) as a light pinkish solid. HPLC indicates 
the product to be 99.5 area% pure. MS(ES + ) m/z = 492.3 (M + H) + 



Example 78 
l-isopropylsulfonyl-2-amino-6-(2-(2,6-diflu^ 
10 benzimidazole 1,5 napthalene disulfonate 

Weigh out 247 mg of the free base and suspend in 4 mL 95% EtOH. Separately 
dissolve 181 mg of 1,5 naphthalenedisulfonic acid tetrahydrate in 2 mL of 95% EtOH. 
Add the acid solution to the suspension in 0.2 mL increments over a 5 minute interval 
with mixing in between additions. Seed the solution with crystals obtained from a 
15 recently run salt selection screen and within a few minutes precipitation occurs. Allow 
the vial to stand for 2 hours with occasional shaking. Filter the precipitate and air-dry to 
obtain 325 mg of off-white crystals. 



Seeds for the napadisylate are made in the following manner: 
2 0 A salt screen matrix of 24 counterions and 4 solvents is setup using Library 

Design™ software developed by Symyx Technologies, Inc. The free base solution and 
counterion solutions are added using a Cavro™ liquid handler. Liquids are then removed 
using a Genvac™ vacuum centrifuge. The solids are then run on Symyx automated 
crystallization equipment which: 1) adds solvents to the wells, 2) heats, 3) filters and; 4) 
2 5 adds filtrate to separate crystallization stations (evaporation, precipitation, and cooling). 
From these separate processing stations it was found that small amounts (<2 mg) of 
crystalline material for the napadisylate salt were present on the glass plates. Solvent 
systems, which gave crystalline material, were 95% ethanol and ethyl acetate. 



30 



Example 79 

l-cyclopentylsulfonyl-2-amino-6-(2-(2,6-difluorophenyl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 
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Beginning with l-cyclopentylsulfonyl-2-aimno-6-(diketo-(2-phenylethyl))- 
benzimicjazole (1.29 g) prepare essentially as described in Example 77 to obtain 0.46 g 
(28% yiejld) as a yellow solid. MS(APC + ), m/z = 520.2 (M+H)+ . Prepare the 
dimethariesulfonate starting from 0.23 g of the free base to yield 0.25 g (78% yield) as a 
white solid. MS (ion trap/ES*): m/z = 520.1 (M+H) + 

1 

i 

I 

T^ie compounds of Examples 80-84 may be prepared essentially as described in 
Example 77 as the free base. The methanesulfonate or dimethanesulfonate salt can also be 
prepared at will using essentially the same procedure of Example 1 and 1.0 or 2.0 
equivalents of methanesulfonic acid. 



Example 


Compound 


MSCES*): m/z 


80 

l 

i 


14sopropylsulfonyl-2-amino-6-(2~(5-ethylthien-2-yl)-5- 

(phenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


492.0 (M+H) + 


81 , 

1 
I 


l-isopropylsulfonyl-2-amino-6-(2-(2,6-dichlorophenyl)- 

5-(phenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


526.1 (M+H) + 


82 j 

i 

I 

1 


1 -isopropylsulf onyl~2-amino-6-(2-(3- 

trifluoromethylphenyl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


526.2 (M+H) + 


83 1 

i 

i 


l-isopropylsulfonyl-2-amino-6-(2-(2- 
trifluoromethylsulfanylphenyl)-5-(phenyl)-imidazol-4- 
yl)-benzimidazole dimethanesulfonate 


558.1 (M+H) + 


84 1 

i 
r 


l-isopropylsulfonyl-2-amino-6-(2~(3-methylthien-2-yl)- 

5-(phenyl)-imidazol-4-yl)-beii2imidazole 

methanesulfonate 


478.2 (M+H) + 



! Example 85 

i 

l-isopropylsulfonyl-2-amino-6-(2-(isopropyl)-5-(4-fluorophenyl)-imidazol-4-yl)- 

| benzimidazole methanesulfonate 

Adji isobutyraldehyde (0.25 mL, 3.3mmol) to a stirring mixture of l-(6-(l- 
isopropylsijilfonyl)-2-amino benzimidazole)-2-(4-fluoro)phenyl-ethane-l,2-dione (0.5 g, 
1.28 mmol) and ammonium acetate (1.48 g, 19.2 mmol) in n-BuOH (10 mL). Heat the 
mixture at 80-90°C and stir vigorously for 2 hours in a sealed tube. Cool the mixture to 
room temperature and concentrate under reduced pressure. Add ethyl acetate and wash 
with water j Separate the layers and wash the organic layer with saturated aqueous sodium 
chloride (50 mL), dry over magnesium sulfate and concentrate under reduced pressure. 

t 

i 

i 
i 
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Subject the residue to silica gel chromatography (biotage) eluting with 40:1 to 20:1 
dichloromethane:methanol to provide l-isopropylsulfonyl-2-amino-6-(2«(isopropyl)-5-(4- 
fluorophenyl)-imidazol-4-yl)-benzimidazole MS(ES + ): m/z = 442.1 (M+H) + 

Suspend the recovered l-isopropylsulfonyl-2-amino-6-(2-(isopropyl)-5-(4- 
fluorophenyl)-imidazol-4-yl)-benzimidazole in diethyl ether, filter, wash with cold diethyl 
ether. Dry under reduced pressure to provide the title compound in 59% as a white 
powder- MS(ES+): m/z = 442.1 (M+H) + 

Add methanesulfonic acid (0.68 mL, 1 M in dichloromethane:methanol 95:5 
freshly prepared) at once to a solution of l-isopropylsulfonyl-2-amino-6-(2-(isopropyl)- 
5-(4-fluorophenyl)-imidazol-4-yl)-benziniidazole (0.299g, 0.68romol) in 
dichloromethane: methanol 10 mL, 95:5). After 5 minutes, remove the solvent by nitrogen 
steam and finish dry it under vacuum. Triturate the crude material with diethyl ether (20 
mL) overnight. Collect the salt by filtration and wash it with additional diethyl ether to 
provide 0353 mg (97% yield) of the title compound. MS(ES + ): m/z = 442.1 (M+H) + 

Example 86 

l-isopropylsulfonyl-2-amino-6-(2-(isopropyl)-5-(phenyl)-imidazol--4-yl)- 

benzimidizole methanesulfonate 

Add isobutyraldehyde (0.73 mL, 8.1 mmol) to a stirring mixture of 1- 
isopropylsulfonyl-2-amino-6-(diketo-(2»phenyl)ethyl)) benzimidazole (1.5 g, 4.04 mmol), 
and ammonium acetate (3 g, 40.4 mmol) in acetic acid (20 mL). Heat the mixture at 80- 
90°C and stir vigorously for 2 hours in a sealed tube. Cool the mixture to room 
temperature and concentrate under reduced pressure. Add ice and stir the mixture 15 
minutes vigorously. Add a pre-cooled (ice-bath) mixture 4/1 (v/v) of saturated aqueous 
ammonium chloride/concentrated ammonium hydroxide (50 mL). Add 125 mL 4: 1 ethyl 
acetate:methanol. Separate the layers and wash the organic layer with saturated aqueous 
ammonium chloride (50 mL), dry over magnesium sulfate, and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography eluting with 25:1 
dichloromethane:methanol to provide l-isopropylsulfonyl-2-amino-6-(2-(isopropyl)-5- 
(phenyl)-iinidazol-4-yl)-benzimidizole. MS(ES + ): m/z = 424.1 (M+H) + 

Suspend the recovered l-isopropylsulfonyl-2-amino-6-(2-(isopropyl)-5-(phenyl)- 
imidazol-4-yl)-benzimidizole in diethyl ether, filter, wash with cold diethyl ether. Dry 
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under reduced pressure to provide the free base in 28% as a white powder. MS(ES + ): m/z 
= 424.1 (M+H) + 

i 

^dd methanesulfonic acid (0.2 mL, 1 M in CHzCh'.MeOR 95:5 recently prepared) 
at once to a solution of l-isopropylsulfonyl-2-amino-6-(2-(isopropyl)-5-(phenyl)- 
5 imidazol-4-yl)-benzimidizole (90 mg, 0.2 mmol) in CH 2 Cl 2 :MeOH 8:10 mL, 95:5). After 
5 minutejs, remove the solvent by nitrogen steam and finish drying it under vacuum. 
Triturate the crude material with diethyl ether (20 mL) overnight. Collect the salt by 

i 

filtrationl and wash it with additional diethyl ether to provide 88 mg (81% yield) of the 
title compound. 

1 0 The compounds of Examples 87-93 may be prepared essentially as described in 

i 

Examples 85 and 86. 



Example 


Compound 


MS(ES + ): m/z 


87 

l 

i 
i 


l-isopropylsulfonyl-2-amino-6-(2-(2,2- 
dimethylpropyl)-5-(4-fluorophenyl)-imidazol-4- 
yl)-benzimidazole methanesulfonate 


470.1 (M+H) + 

* 


88 

1 
1 


l-isopropylsulfonyl-2-amino-6-(2-(methyl)-5- 

(phenyl)-imidazol~4-yl)-benzimidazole 

dimethanesulfonate 


396.1 (M+H) + 


89 

i 

i 
i 


l-isopropylsulfonyl-2-amino-6-(2-(methyl)-5-(4- 

fluorophenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


414.1 (M+H) + 


90 

i 
1 


1 -isopropylsulf 6nyl-2-amino-6-(2- 
(trifluoromethyl)-5-(phenyl)-imidazol-4-yl)- 
benzimidazole methanesulfonate 


450.1 (M+H) + 


9* 


l-isopropylsulfonyl-2-amino-6-(2-(ethyl)-5-(4- 

fluorophenyl)-imidazol-4^yl)-benzirnidazole 

methanesulfonate 


428.1 (M+H) + 


92 

i 
( 
i 
i 


l-isopropylsulfonyl-2-amino-6-(2-(cyclopropyl)- 
5-(4-fluorophenyl)-imidazol-4-yl)-benzimidazole 
methanesulfonate 


440.1 (M+H) + 


93 

l 

i 
i 

! 


l-dimethylaminosulfonyl-2-amino-6-(2-(2,6- 
difluorophenyl)-5-(phenyl)-inridazol-4-yl)- 
benzimidazole methanesulfonate 


495.1 (M+H) + 



1 



I 
I 

; Example 94 

l-isoprbpylsulfonyl-2-amino-6-(2-(fonny^ 

i 

i 

15 Add to a solution of l-isopropylsulfonyl-2-anrino-6-(l- 

(trimethylsilylethoxymeth^ (100 

i 

i 
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mg, 0.185 mmol) in ethanol (4 mL) HC1 (37%, 4 mL) and stir at room temperature for 4 
hours. Dilute the mixture with water (20 mL) and wash with EtOAc (3x10 mL). Add to 
the aqueous phase NaOH (15%) until pH = 6-7 and extract the mixture with EtOAc (3 x 
20 mL). Dry (MgSCU) the combined organic layers and concentrate in vacuo. Purify the 
5 residue in solid phase extraction (SPE)cartiidge (Oasis ) and then by HPLC to obtain a 
white solid, 8 mg, 10% yield MS^S*): ni/z = 410 (M+H) + 

Example 95 

1 -isopropylsulfonyl-2-amino-6-(2-(2-(piperidin- 1 ~yl)methyl)-5-(phenyl)-imidazol-4-yl)- 
1 0 benzimidazole 

A. Reductive animation 

To a solution of l-isopropylsulfonyl-2-amino-6-(l-(trimethylsilylethoxymethyl)-2- 
(formyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole (200 mg, 0.37 mmol) and piperidine 
(0.037 mL, 0.37 mmol) in 1 ,2-dichloroethane (5 mL) add sodium triacetoxyborohydride 
15 (1 10 mg, 0.52 mmol) in one portion and stir at room temperature for 5 hours. Then, add 
water (50 mL) and extract with EtOAc (3 x 50 mL). Wash the combined organic layers 
with saturated aqueous sodium chloride (50 mL), dry (MgS04), and concentrate in vacuo 
to obtain a yellow solid, l-isopropylsulfonyl-2-aimno-6-(l-(trime1hylsilylethoxymethyl)- 
2~((2-piperidin-l-yl)methyl)-5-(phenyl)-imidazole-4-yl)-benzimidazole, 251 mg. 

2 0 MS(ES + ): m/z = 609.2 (M+H) + 

B. Deprotection 

To a solution of l-isopropylsulfonyl-2-amino-6-(l-trimethylsilylethoxymethyl-2- 
((2-piperidin-l-yl)methyl)-5-(phenyl)-imidazole^-yl)-beiizimidazole (0.37 mmol) in 
25 acetonitrile (0.1 M) add hydrofluoric acid (HF) (48%, 53.7 mmol) and stir at 50°C for 3 
hours. Then, cool the mixture to room temperature and add a saturated aqueous solution 
of NaHC0 3 until pH = 8. Extract the mixture with EtOAc (3 x 20 mL) and dry (MgS0 4 ) 
the combined organic layers and concentrate in vacuo. Purify the residue by SCX column 
and then by HPLC to obtain a yellow solid, 46 mg, 28% yield. MS(ES + ): m/z =419.2 

3 0 (M+H) + . 

Prepare the methanesulfonate salt of the title compound as previously described (89 % 
yield). MS(ES + ): m/z = 479.2 (M+H) + 
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The compounds of Examples 96-98 may be prepared essentially as described in 



Example 


Compound 


MS(ES + ): m/z 


96 

1 

i 
1 


1 -isopropylsulf onyl-2-amino-6-(2- (N,N* JSP - [trimethyl] - 
2-(aminoethylamino)methyl)-5-(phenyl)-iiiiidazol-4-yl)- 
benzimidazole 


496.3 (M+H) + 


97 1 


l-isopropylsulfonyl-2-amino-6-(2-((morpholin-4- 
yl)methyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole 


481.0 (M+H) + 


98 i 

| 
■ 

1 


1 -isopropylsulf onyl-2-amino~6-(2- 

(dimethylaminomethyl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


439.0 (M+H) + 



10 



15 



Example 99 

1 -isopropylsulf onyl-2-amino-6-(2-(N- [2-(piperidin- 1 -yl)eth- 1 -yl]-aminomethyl)-5- 
i (phenyl)-imidazol-4-yl)-benzimidazole 

A. Reductive amination. 

. 

i 

Tq a solution of l-isopropylsulfonyl-2-arnino-6-(l-(trimethylsilylethoxymethyl)-2- 
(formyl)-5i-(phenyl)-imidazol-4-yl)-benziinidazole (200 mg, 0.37 mmol) in methanol (8 
mL) add 4 A molecular sieves and 2-(N-piperidinyl)-ethylamine (0.37 mmol, 1 equiv), 
and stir ovjernight. Then, add sodium borohydride (70 mg, 1.85 mmol, 5 equiv) in two 
portions and stir at room temperature for 1 hour. Dilute the mixture with methanol (20 
mL) and filter through a pad of Celite® and Si0 2 . Concentrate the filtrates in vacuo and 
purify the residue by SCX column to obtain a yellow solid in 97% yield. MS(ES + ): m/z = 
652.3 (M+H) + 



20 



BNSDOCtD <WO 



B. 



Pep 



rotection 



Capy out following the procedure for Example 95 . MS(ES + ): m/z = 522 (M+H) + . 
The compound in Example 100 may be prepared essentially as described in 
Example 99. 



Example! 


Compound 


MS(ES + ): m/z 


100 ! 


l-isopropylsulfonyl-2-amino-6-(2~(N',N'-dimethyl-2- 
(aiiiinoethylamino)methyl)-5-(phenyl)-iiiiidazol-4-yl)- 
benzimidazole 


482.0 (M+H) + 
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Example 101 and 102 
l-isopropylsulfonyl-2-amino-6-(2-(l-(ethoxycarbo 

yl)-benzimidazole and 1 -isopropylsulf onyl-6-(2-(2-carboxyethyl)-5-(phenyl)-imidazol-4- 

yl)-benzimidazole 

5 

A. Horner-Emmonds condensation. 

To a solution of triethylphosphonoacetate (0.081 mL, 0.407 mmol) in dry THF 
(0.8 mL) add dropwise a solution of potassium bis(trimethylsilyl)amide (KHMDS) (0.5 M 
in toluene, 0.85 mL) at -78°C under nitrogen. Stir the mixture for 30 minutes and remove 

10 the bath. After 5 minutes, cool the mixture to -78°C during the addition of a solution of 1- 
isopropylsulfonyl-2-amino-6-(l-(trimethylsilylethoxymethyl)-2-(formyl)-*5-(phenyl)~ 
imidazol-4-yl)-benzimidazole (100 mg, 0.185 mmol) in dry THF (1 mL) and slowly warm 
at 0°C for 2 hours. Then, add a saturated aqueous solution of NH4CI (10 mL) and extract 
the mixture with EtOAc (3x15 mL). Dry (MgSC>4) the combined organic layers and 

15 concentrate in vacuo. Purify the residue by flash chromatography (SiC>2; eluent: 

hexane/EtOAc 1:2) to obtain a yellow solid, 97 mg, 86% yield. MS(ES + ): m/z = 610 
(M+H) + . 



B. Reduction 

20 To a solution of 1 -isopropylsulf onyl-2-amino-6-(l-(trimethylsilylethoxymethyl)-2- 

(2-(ethoxycarbonyl)ethen~2-yl)-5-(phenyl)-imidazol-4-yl)-benzimidazole (97 mg, 0.159 
mmol) in MeOH (5 mL) add Pd/C (20% w, 19.4 mg). Bubble hydrogen at room 
temperature for 5 minutes. Stir at room temperature for 20 hours under hydrogen and 
filter through a pad of Celite®. Concentrate the filtrates in vacuo to give a yellow solid, 

25 91 mg, 93% yield. MS(ES+): m/z = 612 (M+H) + 



C. Deprotection 

To a solution of l-isopropylsulfonyl-2-ainino-6-(l-(trimethylsilylethoxymethyl)-2- 
(l-(ethoxycarbonyl)ethyl)-5-(phenyl)-iinidazol-4-yl)-benzimidazole (91 mg, 0.14 mmol) 
3 0 in ethanol (3 mL) add HC1 (37%, 3 mL) and stir at room temperature for 24 hours. Then, 
dilute the mixture with water (10 mL) and add a solution of NaOH (15%) until pH = 6-7. 
Extract the mixture with EtOAc (3 x 30 mL) and dry (MgS0 4 ) the combined organic 
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layers arid concentrate in vacuo. Purify the residue by HPLC to give 1-isopropylsulfonyl- 
2-aminc^6-(l-(trimethylsilyIethoxymethy 

4-yl)-benzimidazole as a white solid, 11 mg, 16% yield. F1A MS(ES + ): ni/z = 482 
(M+H) + . 14sopropylsulfonyl-6-(2-(2-carboxyetiiyl)-5-(phenyl)-inndazol-4-yl)- 
benzimidazole as a white solid is also obtained, 3 mg, 5% yield. MS (ES*): in/z = 454 

(m+h) + ; 

i 
i 

The compounds in Example 103-108 may be prepared essentially as described in 

i 

Example 102. 



Example 


Compound 


MS(ES + ): m/z 


103 

i 

I 


14sopropylsulfonyl-2-amino-6-(2-(phenyl)- 
imidazo[466.2 

]pyridin-3-yl) benzimidazole dimethanesulfonate 


440.2 (M+H) + 


104 

! 

y 

\ 

\ 


l-isopropylsulfonyl-2-amino-6-(8-(methyl)-2- 

(phenyl)-imidazo[l,2-a]pyridin-3-yl)-benzimidazole 

dimethansulfonate 


446.2 (M+H) + 


105 

1 

i 

i 
1 


l-isopropylsulfonyl-2-amino-6-(2-(phenyl)-6,7- 
dihydro-5H-pyrrolo[ 1 ,2-a]imidazol-3 -yl)- 
benzimidazole dimethanesulfonate 


422.2 (M+H) + 


106 

i 

l 


1 -isopropylsulf onyl-2-ami no-6-(2-(4-fluorophenyl)- 
6,7-dihydro-5H-pyrrolo[ 1 ,2-a]imidazol-3~yl)- 
benzimidazole methanesulfonate 


440.2 (M+H) + 


107 ' 

i 


l-isopropylsulfonyl-2-amino-6-(2-(phenyl)- 5,6,7,8- 
tetrahydro-imidazo[l,2-a]pyridin-3-yl)-benzimidazole 


436 (M+H) + 


108 i 

i 

I 


1 -isopropylsulf onyl-2-amino-6-(2-(phenyl)-5 ,6- 
dihydro-4H-pyrrolo[ 1 ,2-b]pyrazol-3-yl)- 
benzimidazole methanesulfonate 


422.2 (M+H) + 



Example 109 

1 -isopropylsulf onyl-2-amino-6-(l -(4«methoxybenzyl)-2-(hydroxymethyl)-4-(phenyl)- 

i 

i 

i imidazol-5-yl)-benzimidazole 
To a solution of l-(4-methoxybenzyl)-2-^e/t-butyldimethylsilyloxymethyl-4- 
(phenyl)-5-iodoimidazole (50 mg, 0.0935 mmol) in dry toluene (0.8 mL) previously 
bubbled with a stream of nitrogen, add PdCl 2 (PPh 3 ) 2 (4.5 mg, 0.00641 mmol) in one 
portion. Affer 5 minutes, add a suspension of l-isopropylsulfonyl-2-amino- 
benzimidazole-6-boronic acid (40 mg, 0.141 mmol) in ethanol (0.8 mL) previously 
bubbled with a stream of nitrogen, followed by sodium carbonate (2M in water, 0.32 mL, 

( 

i 
i 

i 

200401 4900A1 I > ' 
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0.640 mmol). Stir the mixture for 2.5 hours at 100°C, cool to room temperature, dilute 
with 10% HC1 (5 niL), extract with EtOAc (15 mL), dry (Na 2 S04), and concentrate in 
vacuo. Purify the residue by flash chromatography (Si0 2 , CH2CI2/ MeOH 19:1 -> 5:1), 
dissolve the material obtained in MeCN (0.5 mL), and treat with HF (48% in H20, 0.12 
5 mL, 3.31 mmol) at room temperature for 4 hours. Dilute the mixture with EtOAc (15 
mL), wash with saturated NaHCC>3 (5 mL), dry (Na 2 SC>4)> and concentrate in vacuo. 
Purify the residue by flash chromatography (Si0 2 , CH 2 Cl2/MeCN/ MeOH 85:15:5) to 
provide 18 mg (36% yield). MS(ES + ): m/z = 532 (M+H) + 

10 Example 1 10 

l-isopropylsulfonyl-2-annno-6-(l-(l-(^rf-butoxycarbonyl)piperidin-^yl)-4-(phenyl)- 

imidazol-5-yl)-benzimidazole 
Add tert-butylamine (0.125 g, 1.7 mmol) to a solution of N-[l-(ethoxycarbonyl)- 
piperidin-4-yl] (l-isopropylsulfonyl-2-amino~6-formylbenzimidazole)-imine (0.36 g, 0.86 
15 mmol) and a-(p-toluenesulfonyl)benzylisocyanide (0.463 g, 1.7 mmol) in methanol (10 
mL). Heat the reaction mixture to reflux and stir over night. Cool to room temperature, 
concentrate under reduced pressure, and partition the residue between dichloromethane 
(50 mL) and water (50 mL). Separate the layers, wash the organic layer with saturated 
aqueous sodium chloride (2x15 mL), dry over sodium sulfate, and concentrate under 
2 0 reduced pressure. Subject the residue to silica gel chromatography, eluting with 9:1 ethyl 
acetate:hexanes to provide 0.130 g (28%) of the tide compound. 
MSCES*): m/z = 537.2 (M+H) + 

The compounds of Examples 111-171 may be prepared essentially as described in 
2 5 Example 1 10. 



EXAMPLE 


Compound 


MS(ESl + ): m/z 


111 


l-isopropylsulfonyl-2-amino-6-(l-(l-(fe/t- 

butoxycarbonyl)piperidin-4-yl)-4-(4-fluorophenyl)- 

iraidazol-5-yl)-benzimidazole 


555.1 (M+H) + 


112 


l-isopropylsulfonyl-2-amino-6-(l-(l-(benzyl)piperidin- 
4-yl)-4-(phenyl)-imidazol-5-yl)-benzimidazole 


554.9 (M+H) + 


113 


1 -isopropylsulf onyl-2-amino-6-(l -( 1 -(benzyl)piperidin- 
4-yl)^-(4-fluorophenyl)-imidazol-5-yl)-benzimidazole 


572.8 (M+H) + 


114 


l-isopropylsulfonyl-2-amino-6-(l-(methyl)-4-(phenyl)- 
imidazol-5-yl)-benzimidazole 


396.0 (M+H) + 
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115' 


1 -isopropylsulf onyl-2-amino-6-( 1 -(2- (hydroxy)eth- 1 - 

yx j-Hr- ^pncnyi ^-iiiiiu.dZiOi- j~yi j-uenziiiniid.ZrOie 


425.9 (M+H) + 


ii6; 


1 -i sopropylsulf onyl-2-amino-6-( 1 - (2-(methoxy)eth- 1 - 

yi ^j- H—^pnenyi j-inuudzui- D-yi j-Denzjiinuazuie 


440.6 (M+H)+ 


117' 

i 
1 


l-isopropylsulfonyl-2-amino-6-(l-(2-(N-(^rt- 

u u loa y c dTDunyi ) djiiino ) e in - 1 -y i ) ^pneny i j -lini ciozoi- j - 

yl)-benzimidazole 


524.9 (M+H) + ) 


1 1 

1 


i-i sopxopyisuiionyi-z-aiiiinu-o-^ i -^cyciopropyuncuiyi 
4-(phenyl)-inudazol-5-yl)-benzimidazole 




< 


i-isopropyisuiionyi-z-aniino-o-^ i-^cyciopropyiineinyi 
4-(4"fluorophenyl)-imidazol-5-yl)-benziJEiiidazole 


/ice 1 r\yr_LiT\ + 


1 ?n 

LZU i 

i 


i -isopropyisuiTonyi-z-anuno-o-^ i-^-iiuoro Denzyi 
(phenyl)-imidazol-5-yl)-benzimidazole 


4<Sy.y v,JYl+rlJ 


7 71 i 
iZl 1 

i 


i-isopropyisuiionyi-z-aniino-o-^ l-^z/fr-aiiiuoroDenzyi j- 
4-(phenyl)-imidazol-5-yl)-benzimidazole 




1 9? ' 

\ 

\ 


i -l&opropyijsuiiunyi-z-dininu-o-^ i \^pyritiiii-z-- 
yl)methyl)-4-(phenyl)4nudazol-5-yl)-benzimidazole 




1 0% i 
i^j i 


i -l o opr opy i s> un uny i -z-<iiiii.nu -o- ^ vvPy^*-*^** 

yl)methyl)-4-(phenyl)-imidazol-5-yl)~benzimidazole 




124 ! 


14sopropylsulfonyl-2-amino-6-(l~((pyridin-4- 

yi ^nicinyi \piienyi ^-liniuazui- j~yi ^-uenziiniciazoie 


473.0 (M+H) + 


125 , 


1 -i sopropylsulf onyl-2-amino-6-( 1 -(3 -(phenyl)prop- 1 - 
yi ^pnenyi j-iiruuazoi-3~yi j-Dcnzirniaazoic 


499.2 (M+H) + 


126 1 

1 
1 


l-isopropylsulfonyl-2-amino-6-((l-(2-(morpholin-4- 
yi jetn- 1 -yi j-4-^pnenyi j-imiaazoio-yi J-Denzinuaazole 


494.8 (M+H) + 


127 ' 

1 
j 
1 


1 -isopropylsulf onyl-2-amino~6-( 1 - (2-(morpholin-4- 

yl)eth-l-yl)-4-(4-fluorophenyl)-imidazol-5-yl)- 

benzimidazole 


513.0 (M+H) + 


128 

1 


14sopropylsulfonyl-2-amino-6-(l-(3-(morpholin-4- 
yl)prop- 1 -yl)~4-(phenyl)-imidazol-5-yl)-benzimidazole 


509.1 (M+H) + 


129 1 

j 


l-isopropylsulfonyl-2-amino-6-(l-(cyclohexyl)-4- 
(phenyl)-irnidazol-5-yl)-benzimidazole 


464.0 (M+H) + 


130 ; 

1 

1 


l-isopropylsulfonyl-2-amino-6~(l-(/ran5 , -4- 
hydroxycyclohex- 1 -yl)-4-(phenyl)-imidazol-5-yl)- 
benzimidazole 


479.9 (M+H) + 


131 

1 


l-isopropylsulfonyl^-amino-e-Cl-Cfran^- 
nyaroxycycionex- i-yi j-4-^4-iiuoropnenyi j-irmaazoio- 
yl)-benzimidazole 


498.0 (M+H) + 


132 ; 

1 


1 -isopropylsulf onyl-2-amino-6-(l~(?ra/i5-4- 

iiyuj.\jAyuy^iuiicA-x~yi j-h— v k inieii-~>-yi y-iiim-ioziiji- j-yi ^~ 

benzimidazole 


486.0 (M+H) + 


133 1 

1 


1 -isopropylsulfonyl-2-amino-6-( 1 - (4-(N-(fe7t- 

butoxycarbonyl)amino)cyclohex-l-yl)-4-(phenyl)- 

imidazol-5-yl)-benzimidazole 


578.9 (M+H) + 


134 , 

i 
I 


1 -isopropylsulf onyl-2-amino-6-( 1 -( 1 ,4- 

dioxaspiro[4.5]dec-8-yl)-4-(phenyl)-imidazol-5-yl)- 

benzimidazole 


522.2 (M+H) + 



I 

) 
1 

I 

I 
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135 


l-isopropylsulfonyl-2-amino-6-(l-(tetrahydropyran-4- 

till /I lnnotii/1 1 1 tninOT/xl ^ i ;1 \ Ka-nrrirviinnrT/Nla 

yi j-^-^pnenyi j-ixuiQazoio~yi j-DenzimiGazoie 


465.9 (M+H) + 


136 


l-isopropylsulfonyl-2-amino-6-(l-(2,2,6,6- 
tetranietnyipipen ain-4-yi j-4-vpnenyi j-inuaazoio -ylj- 
benzimidazole 


521.0 (M+H) + 


ID 1 


1 -isopropylsuitonyl-2-aimno-o-( l-(/v-3-nyaroxyprop-2- 
yl)^-(phenyl)-iirddazol-5-yl)-benzimidazole 


440.0 (M+H) 


1 oo 
loo 


l -isopropylsulionyl-2-amino-o-( 1 -(o-3-nyaroxyprop-z- 
yl)-4-(phenyl)-imidazol-5-yl)-benzimidazole 


440.0 (M+H) 


139 


1 -isopropylsulf onyl-2-arnino-6-( 1 -(S-3-hydroxyprop-2~ 
yi >4-^4-iiuoropnenyl j-imiaazol-;> -yl j-oenzimiaazole 


458.4 (M+H) + 


140 


1 -i sopropylsulf onyl-2-ami no-6-( 1 -(isopropyl)-4- 
(phenyl)-imidazol-5-yl)-benzimidazole 


424.4 (M+H) + 


141 


l -isopropylsultonyl-2-amino-o-( 1 -(isopropyl)-4-(4- 
fluorophenyl)-imidazol-5-yl)-benzimidazole 


A A O y| /TV >T . TT\+ 

442.4 (M+H) 


142 


1 -isopropylsulf onyl-2-amino-6-( 1 -(2- 
(methoxycarbonyl)eth- 1 -yl)-4-(phenyl)-imidazol-5 -yl)- 
benzimidazole 


468.0 (M+H) + 


143 


1 -isopropylsulf onyl-2-amino-6-( 1 -(R- 1 -phenyl)-2- 
(hydroxyeth- 1 -yl)-4-(phenyl)-iiradazol-5-yl)- 
benzimidazole 


502.0 (M+H) + 


1 A A 

144 


1 -isopropylsulf onyl-2-amino-6-( 1 -(trans -2- 

hy droxycyclohex- 1 -yl)-4-(phenyl)-imidazol-5 -yl)- 

Denzimidazoie 


480.0 (M+H) 


145 


l-isopropylsulfonyl-2-amino-6-(l-(^ran5-2- 

nyaroxymetnylcyclonex-l-yl)-4-(pnenylj-inuuazol-j 

yl)-benzimidazole 


494.1 (M+H) + 


146 


l-isopropylsulfonyl-2-amino-6-( 1 -(3-fluorobenzyl)-4- 
vpnenyi j-imiuazoi-3-yi j-oenziimaazoie 


490.1 (M+H) + 


147 


1 -isopropylsulf onyl-2-ami no-6-( 1 -(2-fluorobenzyl)-4- 
(phenyl)-imidazol-5-yl)-benzimidazole 


490.1 (M+H) + 


1 AO 

145 


l-isopropylsulfonyl-2-aTnino-6-(l-(4-methoxybenzyl)-4- 
(phenyl)-iirddazol-5-yl)-benziinidazole 


502.5 (M+H) 


149 


1 -isopropylsulf onyl-2-amino-6-( 1 -(5- 1 -cyclohexyl-3- 

nydroxyprop-z-yl;-4-(pnenyl)-imiaazol-5-yl)- 

benzimidazole 


522.1 (M+H) + 


1 <f\ 
1DU 


l-isopropyisuiionyl-2-ammo-(l-(/ra/z^-4- 
hydroxycyclohex- 1 -yl)-4-(3-fluorophenyl)-imidazol-5- 
yi j-uenziimQcizoie 


498.3 (M+H) 


151 

Jim/ X 


1 -i QOTifOT^vl <Hl1"FriTiv1— 9-ftmi"nn_/ 1 tvnn c_/L 

hydroxycyclohex-l-yl)-4-(2-fluorophenyl)-imidazol-5- 
yl)-benzimidazole 




152 


1 -isopropylsulf onyl-2-amino-6-( 1 -(methyl)-4-(4- 
fluorophenyl)-imidazol-5-yl)-benzimidazole 


414.2 (M+H) + 


153 


1 -isopropylsulf onyl-2-amino-6-( 1 -(ethyl)-4-(phenyl)- 
imidazol-5-yl)-benzimidazole 


410.3 (M+H) + 


154 


1-isopropylsulf onyl-2-amino-6-( 1 -(cyclopropyl)-4- 


422.2 (M+H) + 



BNSDOCID <WO 20040 14900A1_I_> 



1 
I 

» 
4 



WO 2004/014900 PCT/US2003/019890 

-80- 

i 
i 
I 



i 


(phenyl)-imidazol-5-yl)-benzimidazole 




1 
f 


x~ioupiupyiouiiuxiyi-^ - diiJLiiiu~o~^i -\Vy wiupcniyi ^-*t- 

(phenyl)-imidazol-5-yl)-benzimidazole 




130 

i 


i-isopropyisuiionyi~z-aimno- 
fluorophenyl)4midazol-5-yl)-benzimidazole 




157 i 

i 


1 -isopropylsulf onyl-2-amino-6-( 1 -(cyclopropyl)-4-(4- 
iiuoropnenyi ;-inuaazoi-D-yi j-Denziimaazoie 


440.3 (M+H) + 


158 ; 

i 


1 -isopropylsulf onyl-2-amino-6-(l -(cyclopentyl)-4-(4- 
fluorophenyl)-imidazol-5-yl)-benzimidazole 


468.3 (M+H) + 


l!>y 1 

i 


1-isopropyisuiiOTiyi-z-amino-o-^ l - tcycionexyi 
fluorophenyl)-imidazol-5-yl)-benzimidazole 




lOU , 

\ 

! 


x -isopropyisuiionyi-z-amino-o-^ i -^pynuin-o- 
yl)methyl)-4-(3-fluorophenyl)-irnidazol-5-yl)- 
uenziiiuaazoie 




161 

: i 

\ 

i 


l-isopropylsulfonyl-2-amino-6-(l-((pyridin-3- 
yi jniciiiyi j-H~^z-nuoropnenyi ) -lniiQaZoi- d -y i )- 
benzimidazole 


491.2 (M+H) + 


162 1 

! 
] 


l-isopropylsulfonyl-2»amino-6-(l-(cyclopropyl)-4-(2- 
iiuoropnenyi j-iniiciazoio-yi j-Denzirmaazoie 


440.1 (M+H) + 


163 

i 


l-isopropylsulfonyl-2-amino-6--(l-(cyclopropyl)-4-(3- 
iiuoropnenyi j-imiaazoi-D-yi ^-DenzimiQazoie 


440.1 (M+H) + 


164 , 


1 -isopropylsulf onyl-2-amino-6-(l -(methyl)-4-(2,4- 

H i "fl 1 1 nrfvnh f*Y\ vl ^ -i tn i rl z\ 7 oi - ^ - vl ^-Hpti 71 mi Haynlft 

Ull J LAV^FXV-' It'll J Ji J 1.1L1XK.M* £j\J± *J J ± J lJ\sXl£jlxl±l\J(lJU\Jl\s 


432.2 (M+H) + 


165 


1 -isopropylsulf onyl-2-amino-6-( 1 -(trans A- 

ii y V4J. ua j \^ y viuiivA j. ~ji miiimmi/iiviiYi y uiJiuaZiVJi 

5-yl)-benzimidazole 


516.2 (M+H) + 


166 


l-isopropylsulfonyl-2-amino-6-(l-(cyclohexyl)-4-(2,4- 

fli fl 1 1 ornr>Vif*n vl ^-i m i fl a 7 nl -vl ^i-V*pn 71 mi flii7r»l f* 

U11IUU1 V^l^llx/lljr 1^ 11111 >.UIL Ul ^ J ) UV/llZilX-Ull Id I^V/lv 


500.2 (M+H) + 


167 : 

1 


l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-4-(2,4- 
difluorophenyl)-imidazol-5-yl)-benzixiiidazole 


458.2 (M+H) + 


1 /CO 1 

i 


l-isopropylsulionyl-z-aiTuno-o-(l-(metnyl)-4-(2,3- 
difluorophenyl)-iiiiidazol-5-yl)-benzimidazole 


^-50 -1 /"\>T . TT\+ 

432.1 (JVl+rl) 


169 

i 

L 


l-isopropylsulfonyl-2-amino-6-(l-(rran5-4- 

iiyuiUA.y^yoiiJiicA-j.-yi ^-H--^^,o-uiiiiioiijpiiciiyi ^-liiuLiaZivJi— 

5-yl)-benzimidazole 


516.1 (M+H) + 


170 : 

i 
i 


1 -isopropylsulf onyl-2-amino-6-( 1 -( 1 - 

(ethoxycarbonyl)piperidin-4-yl)-4-(2-fluorophenyl)- 

imidazol-5-yl)-benziinidazole 


555.1 (M+H) + 


171 i 

i 


l-isopropylsulfonyl-2-amino-6-(l-(l- 

(ethoxycarbonyl)piperidin-4-yl)-4-(3-fluorophenyl)- 

imidazol-5-yl)-benzimidazole 


555.1 (M+H) + 



T 

1 



j Example 172 

l-iiopropylsulfonyl-2-amno-6-(l-^^ 

i 

yl) benzimidazole methanesulfonate 

i 

i 

i 

i 

I 
I 
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Add methanesulfonic acid (0.029 mL, 0.455 mmol)) to a solution of 1- 
isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)^ 

benzimidazole (0.200 g, 0.455 mmol) prepared following the procedure for Example 110 
in 10% methanol/dichloromethane (3 mL). Remove solvents under reduced pressure to 1- 
5 isopropyIsulfonyl-2-aiiiino-6-(l-(cyclopropyl)-4-(2-fluorophenyl)-imidazol-5-yl) 
benzimidazole methanesulfonate (0.25 g). MS(ES + ): m/z = 440.1 (M+H) + 

Example 173 

l-isopropylsulfonyl-2-amino-6-(5-(3-fluoropte 

10 Treat l-isopropylsulfonyl-2-amino-6-formylbenzimidazole(0.3 g, 1.1 mmol) in 

THF (5 mL) with ammonium hydroxide (0.39 mL, 3.4 mol) and stir for 3 hours at room 
temperature. Treat the reaction with 3-fluorophenyl-tolylsulfonomethylisocyanide (0.23 
g, 0.8 mmol) and piperazine (0.096 g, 1.1 mmol). Stir the reaction for 5 hours and then 
dilute in EtOAc. Wash the organic phase with water and saturated aqueous sodium 

15 chloride, dry over sodium sulfate, filter, and remove the solvent in vacuo. Slurry the 

residue in cold EtOAc and filter to afford 0.195 g (44%) of the desired product. MS(ES + ) 
m/z = 400.2 (M+H) + 



The compounds of Examples 174-176 may be prepared essentially as described in 
Example 173. 



Example 


Compound 


MS(ESI + ): m/z 


174 


1 -i sopropylsulf onyl-2-ami no-6-(5 - (2-fluorophenyl)- 
imidazol-4-yl)-benzimidazole 


400.2 (M+H) + 


175 


l-isopropylsulfonyl-2-amrao-6-(5-(2 s 4-fluorophenyl)- 
imidazol-4-yl)-benzimidazole 


418.1 (M+H) + 


176 


l-isopropylsulfonyl-2-amino-6-(5-(2,3-fluorophenyl)- 
imidazol-4-y])-benzimidazole 


418.1 (M+H) + 



20 

Example 177 
l-isopropylsulfonyl-2-amino-6-(l-p-m 

Add to a reaction tube p-nitroaniline (0.138 g, 1 mmol), l-isopropylsulfonyl-2- 
amino-6-formylbenzimidazole (Preparation 1, 0.267 g, 1 mmol), acetic acid (10 jllL) and 
2 5 toluene (2 mL). Seal the reaction vessel and heat the suspension to 120°C for 24 hours. 
Wash the crude imine with CHC1 3 and dry in vacuo to afford 300 mg of yellow powder. 
MS(ES) + : m/z = 388.1 (M+H) + 



BNSDOCID. <WO 200401 4900A1_I_> 



10 



WO 2004/014900 PCT/US2003/019890 

-82- 



Suspend NaH (65 mg , 60% mineral oil) was in dimethoxyethane (DME) (2 niL) 
at room temperature. Add a-(p-toluenesuIfonyl)benzylisocyanide (Preparation 2, 0.135 g, 
0.5 mmol) to the suspension, stir for 5 minutes, and add the imine (0.116 g, 0.3 mmol). 
After 2 Hours, introduce water and EtOAc into the reaction, and rapidly stir the contents 

for 1-2 minutes, transfer to a separatory funnel, wash the organic phase with water, and 

i 

then wasl|i with saturated aqueous sodium chloride. Dry the organic layer over Na 2 S0 4 , 
filter, and concentrate to afford the desired product. Purify by chromatographic separation 
over a siriall silica column using 3:2 MeCl 2 /MeCN + 10% MeOH to afford 138 mg of the 
desired product. MS(ES + ): m/z = 503.3 (M+H) + 



' Example 178 

1 -isoprqpylsulf onyl-2-aimno-6-( 1 -(4-am^ 

Tel 0.025 g (0.05 mmol) of l-isopropylsulfonyl-2-amino~6-(l-p-nitrophenyl-4- 
(phenyl)-imidazol-5-yl)-benzimidazole in EtOH (1 mL) at room temperature add SnCl 2 
15 dihydrate (50 mg, 0.22 mmol). After 3 hours, treat the crude reaction with H 2 0 (1 mL), 
stir anotheir 25 minutes, and then add Na 2 CC>3 to take the pH to approximately 10. 

Transfer the reaction mixture to a separatory funnel and dilute with EtOAc and water. 

i 

Reextract the aqueous layer 3 times with EtOAc, wash the combined organics with 

i 

saturated ajqueous sodium chloride, dry over Na 2 S0 4 , filter and concentrate in vacuo to 
2 0 afford the crude product. Purify by chromatography using preparative TLC (Silica, 20x20 
cm x 1 mm, 20:1 MeCl 2 /MeOH to afford 6 mg of desired product. MS(ES + ): m/z = 473.2 
(M+H) + , 



Example 179 
25 l-isopropylsulfonyl-2-amino-6-(2-(methy^ 

A. 2-mjethvl-4-phenvlthiazole 

Add thioacetamide (0.09 g, 1.2 mmol) to a solution of 2-bromoacetophenone (0.2 
g, 1 .0 mmol) in 30 mL dioxane. Stir at room temperature for 4 hours, dilute with ethyl 
3 0 acetate, waslh sequentially with aqueous sodium carbonate (3x15 mL) and water (3 x 20 
mL). Dry the organic phase over sodium sulfate, concentrate under reduced pressure, and 
subject the residue to silica gel chromatography, eluting with hexane containing 10% 
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ethyl acetate to provide the desired compound in 78% yield. MS(ES + ): m/z = 176.1 
(M+H) + 



B. 




5 



of 2-methyl-4-phenylthiazole (0.13 g, 0.74 mmol) in tetrahydrofuran (7 mL) cooled to 
-78°C under a nitrogen atmosphere. Stir at -78°C for 45 minutes, add tributyltin chloride 
(0.2 mL, 0.74 mmol), and stir for 2 hours as the reaction mixture warms to room 
temperature. Add aqueous ammonium chloride and then partition the mixture between 
1 0 ethyl acetate and water. Extract the aqueous phase with ethyl acetate. Wash the 

combined organic layers sequentially with water and saturated aqueous sodium chloride, 
dry over sodium sulfate, and concentrate under reduced pressure. Subject the residue to 
silica gel chromatography, eluting with hexane containing 10% ethyl acetate to provide 
the desired compound in 68% yield. MS^S*): m/z = 466.1 (M+H) + 



Stir a mixture of 2-fflethyl-4-phenyl-5-(tributylstannyl)thiazole (0.1 g, 0.21 mmol), 
l-isopropylsulfonyl-2-amino-6-iodobenzimidazole (0.07 g, 0.21 mmol), and 
(acetonitrile)palladium(II) chloride (0.021 mmol) in dry dimethylformamide (2 mL) at 

2 0 100°C for 4 hours under a nitrogen atmosphere. Cool to room temperature and dilute with 

ethyl acetate (20 mL). Wash sequentially with water (3x5 mL) and saturated aqueous 
sodium chloride (3x5 mL), dry over sodium sulfate, and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography, eluting with 7:1 
dichloromethane:acetonitrile to provide the title compound as a white solid in 2% yield. 
25 MS^*): m/z = 413.0 (M+H) + 

Example 180 

l-isopropylsulfonyl-2-amino-6-(2,4-diphenyl-tWazol-5-yl)-benzimidazole 
Beginning with thiobenzamide and 2-bromoacetophenone, prepare the tide 

3 0 compound essentially as described in Example 179, 12% yield. MS(ES + ): m/z = 474.8 

(M+H) + 



15 
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Example 181 

i 

2faimno-6-(2-(2,6-difluoroph^ 

&ir a mixture of 14sopropylsulfonyl-2-amino-6-(2-(2,6-difluorophenyl)-5- 
(phenyl>imidazol-4-yl)-benzimidazole (0.07 g, 0.142 mmol) and 1.42 mL 1 N sodium 
hydroxide in 1:1 water: acetonitrile at 60°C for 1 hour. Cool the mixture to room 
temperaflfure and dilute with water and ethyl acetate. Extract the aqueous phase with ethyl 

acetate (3 times). Wash the combined organic phases sequentially with water and 

i 

saturated aqueous sodium chloride, dry over sodium sulfate, and concentrate under 

■ 

i 

reduced pressure. Subject the residue to silica gel chromatography, eluting with 2: 1 
dichloromethane:methanol to provide the title compound in 93% yield. MS^ES"*): m/z — 

388.0 (M+H) + 

i 

i 

i 

i 

The compounds of Examples 182-183 may be prepared essentially as described in 
Example 181. 



EXAMPLE 


Compound 


MS(ES + ): m/z 


182 ; 


2-anoino-6-(5-(phenyl)-iinidazoM-yl)-benzimidazole 


276.0 (M+H) + 


183 ; 

l 

1 ._, 


2-amino-6-(2-(thien-2-yl)-5-(phenyl))-imidazol-4-yl)- 
benzimidazole 


358.8 (M+H) + 



I 



I Example 184 

l-isbpropylsulfonyl-2-aimno-6-(2-(4~ 

i 

i benzimidazole 
Purge a suspension of l-isopropylsulfonyl-2-amino-6-(2-(4-nitrophenyl)-5- 
(phenyl)-iinidazol-4-yl)-benzimidazole (0.149 g, 0.3 mmol) and 10% palladium on carbon 
(0.03 mmol) in methanol with hydrogen for 10 minutes and then stir under a hydrogen 

i 

i 

atmosphere for 6 hours. Filter through a bed of Celite® and concentrate the residue under 
reduced pressure. Subject the residue to silica gel chromatography, eluting with 4% 
methanol in dichloromethane to provide the title compound in 28% yield. MS(ES + ): m/z 
= 473.0 (M+H) + 

i 
i 

1 Example 185 

l-isop*opylsulfonyl-2-armno-6-(2-(2-anri^ 

benzimidazole 

i 
i 

I 

i 

i 
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Beginning with l-isopropylsulfonyl-2-amino-6-(2-(2-nitrothien-5-yl)-5-(phenyl)- 
imidazol-4-yl)-benzimidazole, prepare the title compound essentially as described in 
Example 184, 22% yield. MS(ES + ): m/z = 479.0 (M+H) + 

Example 186 and 187 
1 -isopropylsulf onyl-2-amino-6-( 1 -(meA^ 

yl)-benzimidazole and l-isopropylsiilfonyl-2-amino-6-(l-(methyl)-2-(2,6-difluorophenyl)- 

4-(phenyl)-iirridazol-5-yl)-benzimidazole 
Add cesium carbonate (0.134 mmol) and methyl iodide (0.134 mmol) to a solution 
of l-isopropylsulfonyl-2-amino-6-(2-(2,6-difluorophenyl)-5-(phenyl)-imidazol-4-yl- 
benzimidazole (0.12 mmol) in dry dimethylformamide (2.5 mL) at 0°C. Stir the mixture 
at room temperature for 16 hours, dilute with water and ethyl acetate, and separate the 
layers. Extract the aqueous phase with ethyl acetate (3 times). Wash the combined 
organic phases sequentially with cold water (5 times) and saturated aqueous sodium 
chloride, dry over sodium sulfate, and concentrate under reduced pressure. Subject the 
residue to silica gel chromatography. Dissolve the isomer mixture in dichloromethane 
and subject this mixture to prep^ :ive HPLC (Kromasil Si60, 7 Jim, 20 x 250 mm ID) 
eluting with dichloromethane containing 4% methanol (10 OmL/min) to provide 1- 
isopropylsulfonyl-2-aixrino-6-(l-(methyl)^ 

yl)-benzimidazole (11.1 minutes) in 22% yield. MS(ES + ): m/z = 508.2 (M+H) + and 1- 
isopropylsulfonyl-2-amino-6-(l-(methyl)~2-(2,6-difl^ 

yl)-benzimidazole (16.1 min) in 33% yield. MS(ES+): m/z = 508.2 (M+H) + 

Example 188 and 189 
1 -isopropylsulf onyl-2-amino-6-( 1 -(methyl)-2-(thien-2-yl)-5-(phenyl)-imidazol-4-yl)- 
benzimidazole and 1 -isopropylsulf onyl-2-amino-6-( 1 -(methyl)-2-(thien-2-yl)-4-(phenyl)- 

imidazol-5-yl)-benzimidazole 

Beginning with 1 -isopropylsulf onyl-2-amino-6-(2-(thien-2-yl)-5-(phenyl)- 
imidazol-4-yl)-benzimidazole and l-isopropylsulfonyl-2-amino-6-(l-methyl-2-(thien-2- 
yl)-5-(phenyl)-imidazol-4-yl)-benzimidazole and l-isopropylsulfonyl-2-amino-6-((l- 
methyl-2-(tiiien-2-yl)-4-phenyl)-imidazol-5-yl)-benzimidazole, prepare the title 
compounds essentially as described in Example 187. MSCES**"): m/z = 478.2 (M+H) + 
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Example 190 
14sopropylsulfonyl-2-amino-6-(2-(piperi 
1 benzimidazole 

i 

Vigorously stir a mixture of l-isopropylsulfonyl-2-amino-6-(2-(l- 

(benzyloxycarbonyl)piperidin-4-yl)^ 

i 

(0.74 g, 1.24 mmol), ammonium formate (4.94 mmol), and 10% palladium on carbon 
(0.12 mmjol) in 30 mL absolute ethanol at reflux for 5 hours. Cool the reaction mixture to 
room temperature, filter through a bed of Celite®, and concentrate the filtrate under 
reduced pressure. Subject the residue to silica gel chroir .ography, eluting with 19:1 
dichlororriethane: methanol to provide the title compound. MS(ES + ): m/z = 465.2 
(M+H) + | 

i 

Example 191 

l-isopr6pylsulfonyl-2-amino-6~(2-(piperi 

i 

i benzimidazole di-trifluoroaci : te 

Add hydrogen chloride in ethyl acetate to a solutic^ \:i 3 -isopropylsulfonyl-2- 
amino-6-((2-(l-(ter^butoxycarbonyl)^ 

benzimidajzole (0.05 mmol) in ethyl acetate (2 mL) and stir the mix tare at room 

temperature over night. Filter the resulting suspension and wash with diethyl ether to 

i 

provide the title compound in 25% yield. Dissolve the solid in 1:1 
dimethylsulfoxide:acetonitrile and subject to HPLC (YMC C18, 5jAm, 20 x 50 mm ID) 
eluting with a gradient of water+0.05% trifluoroacetic ^cid:acetonitrile+0.05% 
trifluoroacetic acid from 90:10 to 45:55 in 15 minutes (9 mL/min) to provide the title 

compound 25%, 9.33 min). MS(ES + ): m/z = 483.2 (M+H^ 

i 

i 

I Example 192 

i 

l-isopropylsulfonyl-2-amino-6-(l-(pi 

benzimidazole 

i 

He^t a mixture of l-isopropylsulfonyl-2~amino-6-(l-(l-(ethoxycarbonyl)piperidin- 
4-yl)-4-(phenyl)-imidazol-5-yl)-benzimidazole (55 mg) in concentrated hydrochloric acid 
at reflux for 24 hours. Cool the mixture to room temperature, add 5 N sodium hydroxide 

i 

i 

i 
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until the mixture is basic, and extract with dichloromethane. Concentrate the organic 
phase under reduced pressure and subject the residue to silica gel chromatography, eluting 
with dichloromethane followed by 1:1 dichloromethanermethanol to provide 20 mg (43%) 
of the title compound. MS(ES*): ni/z = 465.0 (M+H) + 

5 

Example 193 

1 -isopropylsulf onyl-2-amino-6-(l -(piperidin-4-yl)-4-(4-fluorophenyl)-imidazol-5-yl)- 

benzimidazole 

B eginning with 1 -isopropylsulf onyl-2-amino-6-( 1 -( 1 -(ethoxycarbonyl)piperidin-4- 
1 0 yl)-4-(4-fluorophenyl)-imidazol-5-yl)-benzimidazole, prepare the title compound 
essentially as described in Example 192. MS(ES + ): m/z = 483.0 (M+H) + 



Example 194 
l-isopropylsulfonyl-2-amino-6-(2-(l-(eta^ 
1 5 benzimidazole 

Stir a mixture of l-isopropylsulfonyl-2-amino-6-(2-(piperidin-4-yl)-5-(phenyl)- 
imidazol-4-yl)-benzimidazole (0.574 g, 1.23 mmol), triethylamine (3.1 mmol), and 
iodoethane (1.54 mmol) in anhydrous dimethylformamide (5 niL) at room temperature for 
6 hours. Partition the mixture between ethyl acetate and water. Extract the aqueous layer 
2 0 with ethyl acetate (3 times). Wash the combined organic layers sequentially with cold 
water (5 times) and saturated aqueous sodium chloride, dry over sodium sulfate, and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography to 
provide the title compound in 76% yield. MS(ES + ): in/z = 493.2 (M+H) + 

The compounds of Examples 195-203 may be prepared essentially as described in 
25 Example 194. 



Example 


Compound 


MS(ES + ): m/z 


195 


l-isopropylsulfonyl-2-amino-6-(2-(l-(methylpiperidin- 
4-yl))-5-(phenyl)-imidazol-4-yl)-benzimidazole 


479.1 (M+H) + 


196 


1 -isopropylsulf onyl-2-amino-6-(2-( 1 -(3 ,3,3- 

trifluoroprop-l-yl)piperidin-4-yl)-5-(phenyl)-imidazol- 

4-yl)-benzimidazole 


561.3 (M+H) + 


197 


1 -isopropylsulf onyl-2-amino-6-(2-(l -(2-hydroxyeth- 1 - 

yl)piperidin-4-yl)-5-(phenyl)-imidazol-4-yl)- 

benzimidazole 


509.2 (M+H) + 


198 


1 -isopropylsulf onyl-2-amino-6-(2-( 1 -(benzyl)piperidin- 


555.2 (M+H) + 



BNSDOCID <WQ 200401 4900A1_I_> 



i 



I 

I 

WO 2004/014900 

-88 

I 

i 
i 



1 


4-yl)-5-(phenyl)-iimdazol-4-yl)-benzimidazole 




199 1 

i 

i 


l-isopropylsulfonyl-2-amino-6-(2-(l-(2-dimethylainino-- 

/i'f'li i/I "\r-vi -TV/a**-! m A A/"F\ ^\ f"r\V\ x^ti \ t\\ ■! fVki /i Or7/"il /I "itI\ 

einyi jpipcn.Qin-H-yi )- 3-\pnenyi j-iiiuuaz.t)i-*t--yi j- 
benzimidazole 


536.2 (M+H) + 


200 , 

i 


l-isopropylsulfonyl-2-amino-6-(2-(l~ 

lisooutyi jpipenain-^-yi jo-jjpnenyi j-imiaazoi-H-yi )- 

benzimidazole 


521. (M+H) + 


201 

l 

i 

i 


l-isopropylsulfonyl-2-amino-6-(2-(l- 

{lsoDutyi ^pipenain-H— yi jo-vh— nuoropnenyi j-inuaazoi-^— 

yl)-benzimidazole 


539.3 (M+H) + 


202 i 

i 


l-isopropylsulfonyl-2-amino-6-(2-(l-(pyridin-2-yl- 

methyl)piperidin-4-yl)-5-(phenyl)-imidazol--4-yl)- 

benzimidazole 


556.3 (M+H) + 


203 ' 

1 


1 -isopropylsulf onyl-2-amino-6-(2-(l -( 1 -methyl- liJ- 

iinidazol-2-yl-methyl)piperidin-4-yl-5-(phenyl)- 

imidazol-4-yl)-benzimidazole 


559.3 (M+H)+ 



I. 



1 Example 204 

1 -isopropylsulf onyl-2-amino-6-( 1 -(1 -(methyl)piperidin-4-yl)-4-(phenyl)-imidazol-5-yl)- 

benzimidazole 

5 Ad!d aqueous formaldehyde (37% w/w, 0.15 mmol) to a solution of 1- 

isopropylsUlfonyl-2-amino-6-(l-(piperidin-4-y^ 

(75 mg) in' methanol (10 mL). Stir the mixture at room temperature for 30 minutes, then 

i 

cool to 0°CJ. Add acetic acid (0.3 mL) followed by sodium cyanoborohydride (18 mg) and 
stir over night at room temperature. Concentrate the mixture under reduced pressure and 
10 then dissolve the residue in ethyl acetate. Wash the solution twice with 1 N sodium 
hydroxide and concentrate the organic phase under reduced pressure to provide 60 mg 

(79%) of thje title compound. MSCES+): rn/z = 479.6 (M+H) + 

i 



Th$ compounds of Examples 205-206 may be prepared essentially as described in 
Example 204. 



Example '. 


Compound 


MS^S*): m/z 


205 

! 


1 -isopropylsulfonyl-2-amino-6-( 1 - ( 1 -methylpiperidin-4- 
yl)-4-(4-fluorophenyl)-imidazol-5-yl)-benzimidazole 


497.6 (M+H) + 


206 ' 

1 

i 


1 -isopropylsulfonyl-2-amino-6-(l -(1 - 

(isopropyl)piperidin-4-yl)-4-(phenyl)-imidazol-5-yl)- 

benzimidazole 


507.6 (M+H) + 
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Example 207 

l-isopropylsulfonyl-2-anuno-6-((l-(cyclohexan-l-on-4-yl)-4-(phenyl)-imidazol-5 

■ 

benzimidazole 

Stir a solution of l-isopropylsulfonyl-2-aniino-6-(l-(l,4-dioxaspixo[4.5]dec-8-yl)- 
4-(phenyl)4midazol-5-yl)-benzimidazole (0.05 g, 0.1 mmol) in 3 N hydrochloric acid (5 
mL) for 3 days at room temperature. Add 5 N sodium hydroxide to neutralize the mixture 
and extract with dichloromethane (3 x 10 mL). Dry the combined organic phases over 
sodium sulfate and concentrate under reduced pressure to provide 0.038 g (83%) of the 
title compound. MS^S 4 ): m/z = 478.2 (M+H) + 



Example 208 
1 -isopropylsulf onyl-2-amino-6-( 1 -(4-hydro^ 

benzimidazole 

Add a solution of sodium borohydride (0.28 g) in methanol (5 mL) to a solution of 
1 -isopropylsulf onyl-2-aminc^6-( 1 -(cycto^ 

benzimidazole (0.35 g, 0.7 mmol) in 10 mL tetrahydrofuran and 10 mL methanol. Stir the 
reaction mixture for 30 minutes at room temperature, dilute with water (50 mL), and 
extract with ethyl acetate (2 x 15 mL). Wash the combined organic extracts with 
saturated aqueous sodium chloride, dry over sodium sulfate, and concentrate under 
reduced pressure to provide 0.345 g (98%) of the title compound. MS(ES + ): m/z = 480.2 
(M+H) + 



Example 209 

1 -isopropylsulf onyl-2-amino-6-( 1 -(4-aminocyclohex- 1 -yl)-4-(phenyl)-imidazol-5-yl> 
2 5 benzimidazole hydrochloride 

Stir a solution of l-isopropylsulfonyl-2-amino-6-(l-(4-(N-[tert- 
butoxycarbonyl] amino)cyclohex- 1 -yl)-4-(phenyl)-imidazol-5~yl)-beiiziiiiidazole (0. 14 g, 
0.2 mmol) in 1 M hydrogen chloride in acetic acid (5 mL) at room temperature for 1 hour. 
Filter the suspension and dry the solid to provide 0.017 g (15%) of the title compound. 
30 MS0ES+): m/z = 479.0 (M+H) + 
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Example 210 

i 

1 -isqpropylsulf onyl-2~aminobenzyl-6-(4-(phenyl)-imidazol-5 -yl)-benzimidazole 
Beginning with l-isopropylsulfonyl-2-aminobenzyl-6-(a-((^rf- 
butyldim0thylsilyl)oxy)-a-(phenyl)acetyl)benziniidazole, prepare the tide compound 
essentially as described in Example 1. Yield 12%. MS(ES + ): in/z = 472.1 (M+H) + 

\ Example 211 

' 2-aminobenzyl-6-(4-(phenyl)-imidazol-5-yl)-benzimidazole 
Beginning with 1 -isopropylsulf onyl-2-aminobenzyl-6-(4-(phenyl)-imidazol-5-yl)- 
benzimidizole, prepare the title compound essentially as described in Example 181. 
Yield: 91% MSQES 4 ): ni/z = 366.1 (M+H) + 



\ Example 212 and 213 

1 -isopropiylsulf onyl-2-aminoethyl-6-(2-(2,6-(difluoro)phenyl)-5"(phenyl)-imidazol-4-yl)- 
benzimi^azole and 2-aminoe1hyl-6-(2-(2,6-(difluoro)phenyl)-5-(phenyl)-imidazol-4-yl)- 

1 benzimidazole 

i 

Beginning with l-isopropylsulfonyl-2-aminoethyl-6-(a-((rert- 
butyldimeihylsilyl)oxy)-a-(phenyl)acetyl)benzimidazole, prepare the title compound 
essentially as described in Example 1. Yield: 42%. MS(ES + ): ni/z = 522.1 (M+H)\ 
Along witlji the desired product, a 12% of desulphonylated product 2-aminoethyl-6-(2- 
(2,6-(diflu6ro)phenyl)-5-(phenyl)4midazol-4-yl)-benzimidazole is isolated. MS(ES + ): 
rn/z = 416:2 (M+H) + 

I 
I 

Example 214 

1 -isopropylsulf onyl-6-(l -(4-(methoxy)benzyl)- 4-(phenyl)-imidazol-5-yl)-benzimidazole 

i 

i 
i 

I 

A. 1 -isopropylsulf on vl-2-chloro-6-(l-(4-methoxv-benzvlV4-(phenvlVimidazol-5-vlV 
benzimidazol. 

Beginning with l-isopropylsulfonyl-2-amino-6-(l-(4-methoxy-benzyl)-4-(phenyl)- 
imidazol-5tyl)-benzimidazole, prepare the title compound essentially as described in 
Preparation 100. Yield 14%. MS(ES + ): ni/z = 521.2 (M+H) + 
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B. Reduction 

To a stirred suspension of the starting 2-chlorobenzimidazole derivative (30 mg, 
0.057 mmol, 1 equiv) in 3 mL of MeOH, add EtaN (0.04 mL) dropwise followed by the 
addition of 10% weight Pd/C catalyst (100 mol%). Purge the suspension with hydrogen 
for 5 minutes. Stir the mixture under hydrogen atmosphere (1 atm) overnight. Filter the 
catalyst through a pad of Celite® and rinse several times with EtOAc. Concentrate the 
solvents in vacuo and purify the residue by silica gel chromatography eluting with 3% 
CH 2 Cl 2 :MeOH to afford the title compound (44% yield). MS(ES): m/z = 487.1 (M+H) + 

Example 215 

l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(bromo)-4-(2-fluorophenyl)-imidazol- 

5-yl)-benzimidazole 
Add bromine (0.34 mL, 6.545 mmol) dropwise over 5 minutes to a solution of 1- 
isopropylsulf onyl-2-amino-6-( 1 -(cyclopropyl)-4-(2-fluorophenyl)-imidazol-5-yl)- 
benzimidazole (2.61 g, 5.95 mmol) in chloroform (0.7 L) and stir for 18 hours. Wash 
with water, saturated sodium bicarbonate, dry with magnesium sulfate, filter and remove 
solvents under reduced pressure. Purify the residue on silica gel eluting with ethyl 
acetate/dichloromethane mixtures to provide the title compound (2.41 g). MS(ES + ): m/z 
= 518.0 (M+H) + 

Example 216 

l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(4-chlorophenyl)4-(2-fluorophenyl)- 

imidazol-5-yl)-benzimidazole methanesulfonate 
Combine 1 -isopropylsulf onyl-2-amino-6-(l -(cyclopropyl)-2-(bromo)-4-(2- 
fluorophenyl)-imidazol-5-yl)-benzimidazole (0.214 g, 0.41 mmol), 4-chlorophenyl 
boronic acid (0.077 g, 0.50 mmol), tetrakis(triphenylphosphine)-palladium (0.0234 g, 
0.021 mmol), 2 M sodium carbonate (0.62 mL), methanol (2.0 mL) and toluene (20 mL) 
and heat to reflux for 3 hours. Cool to ambient temperature, dilute with ethyl acetate, 
wash with water saturated sodium carbonate, saturated sodium chloride, dry with 
magnesium sulfate, filter and remove solvents under reduced pressure. Purify the residue 
on silica gel eluting with dichloromethane/methanol mixtures to provide 0.196 g of the 
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free basej. Treat with methanesulfonic acid as previously described to provide the title 
compouiid (0.232 g). MSCES 4 ): m/z = 550.2 (M+H) + 



Example 217 

l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(2,4-difluorophenyl)- 4-(2- 

fluorophenyl))-imidazol-5-yl)-benzimidazole methanesulfonate 
Beginning with 1 -isopropylsulf onyl-2-amino-6-( 1 -(cyclopropyl)-2-(bromo)-4-(2- 
fluorophenyl)-imidazol-5-yl)-benzimidazole, prepare the title compound essentially as 
described in Example 216 (0.179 g). MS(ES + ): m/z = 552.2 (M+H) + 



Example 218 

l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(trimethylsilylethyny 
| fluorophenyl)-inudazol-5-yl)-benzimidazole 
Combine l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(bromo)-4-(2- 
15 fluorophenyl)-imidazol-5-yl)-benzimidazole (0.332 g, 0.64 mmol), trimethylsilylacetylene 
(0.36 ml[, 2.56 mmol), tetrakis(triphenylphosphine)-palladium (0.150 g, 0.128 mmol), 
triethylaibine (2 mL) and dimethylformamide (4 raL) and heat to 70°C for 18 hours. Cool 
to ambient temperature and remove solvents under reduced pressure. Purify the residue 
on silica jgel eluting with acetonitrile/dichloromethane mixtures to provide the title 
2 0 compouiid (0.295 g). MS(ES + ): m/z = 536.2 (M+H) + 

I Example 219 

l-isopi|opylsulfonyl-2-amino-6-(l-(cyclopropyl)-(2-but-3-yn-l-ol )-4-(2-fluorophenyl)- 

i 

imidazol-5-yl)-benzimidazole methanesulfonate 
2 5 Beginning with l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(bromo)-4-(2- 

fluorophenyl)-imidazol-5-yl)-benziinidazole 5 prepare the free base essentially as described 
in Example 218. Treat with methanesulfonic acid as previously described to provide the 
title compound (0.096 g). MS(ES + ): m/z = 508.4 (M+H) + 

i 

30 i Example 220 

1 -isopropylsulf onyl-2-amino-6-( 1 -(cyclopropyl)-2-(ethynyl)-4-(2-fluorophenyl)-imidazol- 

5-yl)-benzimidazole methanesulfonate 
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Add 1 M tetra-n-butylammonium fluoride (0.15 mL, 0.15 mmol) to a solution of 
l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(trimeth 

fluorophenyl))-imidazol-5-yl)-benzimidazole (0*054 g, 0.101 mmol) in tetrahydrofuran (4 
mL) and stir for 5 minutes. Dilute with ethyl acetate, wash with water, 50% saturated 
5 sodium chloride, dry with magnesium sulfate, filter and remove solvents under redced 
pressure. Purify the residue on silica gel eluting with hexane/ethyl acetate mixtures to 
provide the free base (0.037 g). Treat with methanesulfonic acid as previously described 
to provide the title compound (0.045 g). MSCES*): in/z = 464.1 (M+H) + 

10 Example 221 

1 -isopropylsulf onyl-2-amino-6-(l -(cyclopro^ 

yl)-benzimidazole methanesulfonate 
Add 10% palladium on carbon (O.OlOg) to a solution of l-isopropylsulfonyl-2- 
amino-6-(l-(cyclopropyl)-2-(ethynyl)^-(^ 
15 (0.074 g, 0.16 mmol) in methanol (15 mL) and hydrogenate under 1 atmosphere hydrogen 
gas for 1.5 hours. Filter and remove solvents under reduced pressure. Purify the residue 
on silica gel. Treat with methanesulfonic acid as previously described to provide the title 
compound (0.087 g). MSCES+): rn/z = 468.1 (M+H) + 

20 Example 222 

1 -isopropylsulf onyl-2-amino-6-( 1 -(cyclop 

phenyl)-imidazol-5-yl)-benzimidazole methanesulfonate 
Combine 1 -isopropylsulf onyl-2-amino-6-( 1 -(cyclopropyl)-2-(ethynyl)-4-(2- 
fluorophenyl)-imidazol-5-yl)-benzimidazole (0.114 g, 0.247 mmol), trimethylsilylazide 
25 (0.165 mL, 1.23 mmol) and 1,4-dioxane (2 mL) and heat under microwave irradiation at 
140°C for 1 hour. Cool to ambient temperature, add methanol (5 mL) and remove 
solvents under reduced pressure. Purify the residue on silica gel eluting with 
dichloromethane/methanol mixtures. Treat with methanesulfonic acid as previously 
described to provide the title compound (0.088 g). MSCES*): ni/z = 507.1 (M+H) + 

30 
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I Example 223 

l-isoprc)pylsulfonyl-2-amino-6-(l-(cyclopro 

j yl)-benzimidazole 
Combine 1.9 M phenyllithium (0.42 mL, 0.80 mmol) dropwise to a solution of 1- 
5 isopropyjsulf onyl-2-amino-6-( 1 -(cyclopropyl)-2-(bromo)-4-(2-fluorophenyl))-imidazol-5- 
yl)-benziimidazole (0.103 g, 0.20 mmol) in tetrahydrofuran (3 mL) at -78°C and stir 20 
minutes. I Add 1 .7 M tert-butyllithium (0.28 mL, 0.48 mmol) dropwise over 5 minutes and 
stir 60 minutes. Add p-toluenesulfonylazide (0.064 g, 0.323 mmol) in tetrahydrofuran 
(0.4 rnL) | dropwise over 2 minutes and stir at -78°C for 1 hour. Warm to 0°C, dilute with 
1 0 ethyl acetate and wash with saturated sodium chloride. Neutralize aqueous sodium 
chloride Wash with aqueous 1 N hydrochloric acid and back extract with ethyl acetate. 
Combine! organic layers and dry with magnesium sulfate, filter and remove solvents under 
reduced ^ure. Purify the residue on silica gel eluung with 

acetonitri|le/dichloromethane mixtures to provide the title compound (0.035 g). MS(ES + ): 
15 ni/z = 481.1 (M+H) + 

I 

Example 224 

i 

1 -isopropylsulf onyl-2-amino-6-( 1 -(cyclopropyl)-2-(amino)-4-(2-fluorophenyl)-imidazol- 
! 5-yl)-benzimidazole methanesulfonate 

2 0 Beginning with l-isopropylsulfonyl-2-amino-6-(l-(cyclopropyl)-2-(nitro)-4-(2- 

fluorophejnyl))"-imidazol-5-yl)-benzimidazole prepare the title compound essentially as 
describe^ in Example 221 (0.031 g). MS(ES + ): i7i/z = 455.1 (M+H) + 



! Example 225 

25 l-isopropylsulfonyl-2-amino-6-(l-cyclohexyl-2-(bromo)-4-(2-fluorophenyl))-imidazol-5- 

I yl)-benzimidazole 
Beginning with l-isopropylsulfonyl-2-amino-6-(l-(cyclohexyl)-4-(phenyl)- 
imidazol-5-yl)-benzimidazole, prepare title compound essentially as described in 

Example 215, MS(ES + ): m/z = 543.9 (M+H) + 

i 

30 ! 
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Example 226 

1 -isopropylsulf onyl-2-amino-6-( 1 -(cyclohexyl)-2-(ethynyl)-4-(phenyl)-imidazol-5-yl)- 

benzimidazole 

Beginning with l-isopropylsulfonyl-2-amino-6-(l-(cyclohexyl)-2-(bromo)-4- 
5 (phenyl)-imidazol-5-yl)-benzimidazole, prepare the title compound essentially as 
described in Examples 218 and 220; MS(ES + ): m/z = 488.1 (M+H) + 

Example 227 

14sopropylsulfonyl-2-amino-6-(2-(2,4--difluorophenyl)-5-(3,5-difluorophenyl))- 
1 0 imidazol-4-yl)-benzimidazole 

Hydrogenate a mixture of l-isopropylsulfonyl-2~amino-6-(l-(benzyl)-2-(2,4- 
difluorophenyl)-5-(3,5-difluorophenyl)-iinidazol^-yl)-benziiiridazole (0.084 g, 0.778 
mmol), palladium black (0.084 g) and methanol (50 mL) at 50°C with hydrogen gas (55 
psi) for 18 hours. Cool the reaction to ambient temperature, filter, and remove the solvent 
1 5 under reduced pressure. Purify the residue on silica gel eluting with 

dichloromethane/methanol mixtures to provide the title compound (0.025 g). MSCES 4 "): 
m/z = 530.0 (M+H) + 

-\ 

The free base of Examples 228-231 are prepared essentially as described in 
2 0 Preparation 66-67 and Example 227. The methanesulfonate salts are prepared by 
dissolving the free base in 10% methanol/dichloromethane, adding 1.0 equivalent 
methanesulfonic acid and removing the solvents under reduced pressure to provide the 
methanesulfonate salts. 



Example 


Compound 


MS(ES + ): m/z 


228 


l-isopropylsulfonyl-2-amino-6-(2,5-di-(2,4-difluorophenyl)- 
imidazol-4-yl)-benzimidazole 


530 (M+H) + 


229 


l-isopropylsulfonyl-2-amino-6-(2-(4-fluorophenyl)-5-(2- 

methyl-4-fluorophenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


508.1 (M+H) + 


230 


l-isopropylsulfonyl-2-amino-6-(2-(4-fluorophenyl)-5-(2- 

methylphenyl)-imidazol-4-yl)-benzimidazole 

methanesulfonate 


490.1 (M+H) + 
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231 



l-isopropylsulfonyl-2-amino-6-(2-(4-fluorophenyl)-5-(4- 

methylphenyI)-imidazol-4-yl)-benzimidazole 

methanesulfonate 



490.1 (M+H) + 



T^ie free base of Examples 232-235 are prepared essentially as described in 
Preparation 67 and Example 227. The methanesulfonate salts are prepared by dissolving 
the free base in 10% methanol/dichloromethane, adding 1.0 equivelent methanesulfonic 
acid and Removing the solvents under reduced pressure to provide the mono- 
methanes Ulfonate salts. 



1 

Example 


Compound 


MS(ES + ): m/z 


i < 

i 

23k 

1 

i 
i 


l-isopropylsulfonyl-2-amino-6-(6-(chloro)-2- 
(phenyl)-2,3-dihydro-imidazo[ 1 ,2-a]pyridin-3-yl)- 
benzimidazole methanesulfonate 


466.2 (M+H) + 


i 

1 

233 


l-isopropylsulfonyl-2-amino-6-(7-(methyl)-2- 
(phenyl)-2,3 -dihydro-imidazo [ 1 ,2-a]pyridin-3-yl)- 
benzimidazole methanesulfonate 


446.2 (M+H) + 


l 

234 

1 

i 


l-isopropylsulfonyl-2-amino-6-(8-(methyl)-2-(4- 
methoxyphenyl)-2,3-dihydro-imidazo[l,2-a]pyridin- 
3-yl)-benzimidazole methanesulfonate 


477.0 (M+H) + 


i 

235 

i 
1 

1 


l-isopropylsulfonyl-2-amino-6-(2-(phenyl)-2,3- 
dihydro-benzo [d] imidazo [2, 1 -b] thiazol-3 -yl)- 

benzimidazole methanesulfonate 


488.1 (M+H) + 



Example 236 

j 

l-isopropylsulfonyl-2-amino-6-(2-(methyl)^ 

benzimidazole methanesulfonate 

i 

To ^ solution of l-isopropylsulfonyl-2-ainino--6-(l-(benzyl)-2--(methyl)-5-(2,4- 
cUfluorophenyl)-imidazol-4-yl)-benzimidazole (390 mg, 0.75 mmol) in 100 mL methanol 
add palladium black (390 mg), and hydrogen gas at 50°C overnight at 60 psi. The 
solution is filtered and purified by radial chromatography eluting with 8% methanol in 
methylene chloride to yield 152 mg (47%) of the title compound as an off-white solid. 
MS(ES+): rn/z = 432.0 (M+H) + 

To a solution of l-isopropylsulfonyl-2-amino-6-(2-(methyl)-5-(2,4- 
difluoropheilyl)-imidazol-4-yl)-benzimidazole (152 mg, 0.35 mmol) in 5 mL methylene 
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chloride with 3% methanol is added one equivalent of methanesulfonic acid (23 uL) and 
dried to 186 mg (100%) of the title compound as a tan solid. MS(ES + ): m/z = 432.0 
(M+H) + 



5 The compound of Example 237 may be prepared essentially as described in 

Example 236. 



Example 


Compound 


MS(ES + ): m/z 


237 


l~isopropylsulfonyl-2-amino-6-(2-(methyl)-5-(m-tolyl)- 
imidazol-4-yl)-benzimidazole-methanesulfonate 


410.0 (M+H) + 



Example 238 

10 1 ~isopropylsulfonyl-2-amino-6-(3-(methyl)-l-(phenyl)-pyrazol-5-yl)-benzimid 

To a solution of 5-(bromo)-3-(methyl)-l-(phenyl)-pyrazole (264 mg, 1.11 mmol) 
in 6 mLDME add l-isopropylsulfonyl-2-amino-benzimidazole-6-boronic acid (694 mg, 
2.45 mmol). Add sodium carbonate (354 mg, 334 mmol) dissolved in 0.5 mL of water 
and trans-dichlorobis(triphenylphosphine) palladium (II) (234 mg, 0.33 mmol). Heat the 

15 mixture to 100°C with stirring under nitrogen. After 2 hours, cool and filter over a pad of 
Celite® and sodium sulfate. Purify the crude product by radial chromatography eluting 
with 4% methanol in CH 2 C1 2 to yield 201 mg (46%) of the title compound. MS(ES + ): 
m/z = 396.0 (M+H) + 

The compounds of Examples 239-240 may be prepared essentially as described in 

2 0 Example 238. 



Example 


Compound 


MS(ES + ): m/z 


239 


l-isopropylsulfonyl-2-amino-6-(3-(re/t-butyl)-l- 
(phenyl)-pyrazol-5-yl)-benzimidazole 


438.0(M+H) + 


240 


1 -isopropylsulf onyl-2-amino-6-(4-(cyano)- 1 -(phenyl)- 
pyrazol-5-yl)-benzimidazole 


407.0 (M+H) + 



Example 241 

l-isopropylsulfonyl-2-amino-6-(2,4-(diphenyl)-l,2-dihydro-pyrazol-3-on-5--yl)' 

i 

2 5 benzimidazole 

To a stirred solution of l-isopropylsulfonyl-2-amino-6-(a-((l-hydroxy)-a-(phenyl)acetyl)- 
benzimidazole (0.25 mmol, 1 equiv.) in dry toluene (3 mL) add phenylhydrazine (0.27 
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mmol, 1.1 equiv.) and heat the mixture at reflux under nitrogen followed by TLC. 
Concentrate the reaction mixture and chromatograph using dichloromethanermethanol 
30:1 to giive the title compound (24% yield). MS(ACP + ): m/z = 474.2 (M+H) + 



The compound of Examples 242-245 may be prepared essentially as described in 
Example 241. 



Example 


Compound 


MS(ACP + ): 
m/z 


242 ; 

1 

1 

1 


l-isopropylsulfonyl-2-amino-6-(2-(phenyl)-4-(4- 
fluorophenyl)- 1 ,2-dihydro-pyrazol-3-on-5-yl)- 
benzimidazole 


492 .1 (M+H) + 


243 1 

i 

[ 


1 -isopropylsulf onyl-2-amino-6-(2-(4- 
trifluoromethylphenyl)-4(-phenyl)- 1 ,2-dihydro~pyrazol- 
3-on-5-yl)-benzimidazole 


542.2 (M+H) + 


244 

i 
I 


1 -isopropylsulf onyl-2-amino-6-(2~(2,5-difluorophenyl)- 
4-(phenyl)- 1 ,2-dihydro-pyrazol-3-on-5-yl)- 
benzimidazole 


510.2 <M+H) + 


245 , 

i 
i 

i 


l-isopropylsulfonyl-2-amino-6-(2-(4-nitrophenyl)-4-(4- 
fluorophenyl)- 1 ,2-dihydro-pyrazol-3-on-5-yl)- 
benzimidazole 


537.3 (M+H) + 



10 



15 



, Example 246 

l-isopropyi'|sulfonyl-2-amino-6-(l^ 

i yl)- benzimidazole 

i 

i 

. To ^ solution of l-(benzyl)-4-(bromo)-5-(2,4-difluorophenyl)-2-(methyl)- 
imidazole (1.12 g, 3.08 mmol) in 8 mLDME, add l-isopropylsulfonyl-2-amino- 



20 



benzimidazole-6-boronic acid (2.62 g, 9.25 mmol). Add sodium carbonate (0.98 g, 9.25 
mmol) dissolved in 1 mL of water and trans-dichlorobis(triphenylphosphine) palladium 
(II) (0.65 g, 0.93 mmol). Heat the mixture to 100°C with stirring under nitrogen. After 3 
hours, cool the solution and filter over a pad of Celite® and sodium sulfate. Purify the 
residue by r4dial chromatography eluting with 3% methanol in CH2CI2 with a gradient to 

10% methanol. Perform a second purification by radial chromatography eluting with 4% 

1 

methanol in CH 2 C1 2 with a gradient to 6% methanol to yield 390 mg (24%) of the title 
compound asj a yellow solid. MS^S*): in/z = 522.0 (M+H) + 



Example 247 
2-amino-6-(5-phenylimidazol-4~yl)-benzothiazole 
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Beginning with 2-amino-benzothiazole-6-carboxaldehyde, prepare the title 
compound essentially as described in Example 182. Yield (16%). MS^S*): in/z = 293.0 
(M+H) + 



10 



15 



20 



Example 248 
2-amincH6-(l-(cyclohexyl)-4-(phenylH 

Beginning with 2-amino-benzothiazole-6-carboxaldehyde and cyclohexylamine, 
prepare the title compound essentially as described in Example 247. Yield (68%). 
MS(ES + ): = 375.1 (M+H) + 



General Procedure A: Sandmeyer Reaction: 
Add one equivalent of benzothiazole in three portions over 5 minutes to a 
suspension of one equivalent copper(L) chloride and 1.5 equivalents terr-butylnitrite in 1 
mL acetonitrile at 65°C. Add 0.1 mL ethylenediamine, pour the reaction mixture into 
water, and extract with ethyl acetate (3 x 25 mL). Wash the combined organic phases 
sequentially with water (2x15 mL) followed by saturated aqueous sodium chloride (15 
rnL), dry over sodium sulfate, and concentrate under reduced pressure. Purify the residue 
by silica gel chromatography, eluting with a gradient of hexane containing from 25-50% 
ethyl acetate. 



25 



Example 249 

2-chloro-6-(l-(cyclohexyl)-4-(phenyl)-iinidazol~5-yl)-benzothiazole 
Beginning with 2-amino-6-(l-(cyclohexyl)-4-(phenyl)-imidazol-5-yl)- 
benzothiazole, prepare the title compound essentially as described in the General 
Procedure A: Sandmeyer Reaction, Yield (24 %). MS(ES + ): ni/z = 394. 1 (M+H) + 



30 



General Procedure B 
Add one equivalent of amine to a solution of three equivalents of benzothiazole in 
1 mL tetrahydrofuran. After 24 hours concentrate the reaction mixture under reduced 
pressure. Purify the residue by silica gel chromatography, eluting with hexane containing 
25% ethyl acetate. 
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1 Example 250 

2raminoethyl-6-(l-(cyclohexyl)-4-(phenyl)-imidazol-5-yl)-beiizothia2ole 
Beginning with 2-chloro-6-(l-(cyclohexyl)-4-(phenyl)-im^ and 

i 

ethyl amine, prepare the title compound essentially as described in General Procedure B. 
MSCES*)? m/z = 403.1 (M+H) + 



Example 251 

1 -isppropylsulf onyl-2-amino-6-(5-(phenyl)-l ,2,3~(triazol-4-yl))-benzimidazole 
Combine and stir a mixture of 3-isopropylsulfonamidyl-4-amino-l-(5-phenyl)- 
1 0 l,2,3-tria2[ol-4-yl (0.060 g), lithium methoxide (0.013g) and cyanogen bromide (0.053 g) 
in dichloromethane (5mL) under nitrogen for 48 hours. Purify the residue through an 
Oasis® HUB extraction cartridge 60 )LtM(LP)to give a white solid (0.050 g, 30%). 
MS(ES*): m/z = 382.44 (M+H) + 

15 i Example 252 

I 14sopropylsulfonyl-2-anGdno-6-(5-(phenyl)-pyrazol-4-yl)-benzimidazole 
Adcl lithium methoxide (21 mg) and cyanogen bromide (89 mg) to a solution of 3- 

isopropylsiiilfonamidyM-amino-l--(5-phenyl)-pyrazol-4--yl-phenyl in 4.5 mL of CH2CI2. 

1 

Stir under nitrogen for 18 hours. Dilute with 2 mL of THF and 0.25 mL of MeOH to 

2 0 dissolve the solids and wash with 5% NaHCC>3. Back extract the aqueous phase with a 

9: 1 solution of CH2Cl2:MeOH, Separate the phases and dry the organic phase over 
magnesiumj sulfate and concentrate under reduced pressure. Subject the residue to silica 
gel chromatography, eluting with a gradient 2-3.5% CH 2 Cl2:MeOH to give a white solid 
(34 mg, 31<fo. MS(ES + ): m/z = 382.5 (M+H) + 
25 1 

I 

t 

, Example 253 

l-isoprcjpylsulfonyl-2-amino-6-(2-^^^ 

benzimidazole dimaleate 
Dissolve 2.50 g (5.0 mmol) in 15 mL of methanol and add 1.20 g (10.0 mmol) of 

3 0 maleic acid. 1 Heat the reaction mixture to 40°C with stirring for 10 minutes. Filter the 

reaction mixture. Heat the filtrate to 40-4 °C while adding 35 mL of ethyl acetate. Cool 
the mixture io room temperature with continued stirring. Product precipitate forms 



1 
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slowly. Collect the solid product by filtration, wash with ethyl acetate, and dry at 50°C in 
a vacuum oven, 3.25 g, 92.8%. *H NMR (500 MHz, CD30D) £ 7.75 (m, 1 H); 7.62 (s, 1 
H); 7.54 (d, J = 7.0 Hz, 2 H); 7.48 (s, 1 H); 7.46 (d, J = 7.00 Hz, 2 H); 7.38 (d, J = 7.00 
Hz, 1 H); 7.38 (dd J = 7.00 Hz, 2 H); 6.29 (s, 4 H); 3.60 (m, 1 H); 1.26 (d, J = 7.00 Hz, 6 
5 H). 



The ability of the compounds of the present invention to inhibit p38 kinase is 
demonstrated by standard assays well known to the skilled artisan, and are briefly 
1 0 described in the following paragraphs. 



Inhibition of p38 Kinase 

Standard Solution Preparations 

The kinase buffer solution is prepared by combining 2.5 mL 1 M Tris-HCl (pH 
15 7.5), 0.1 mL 1 M dithiothreitol, 1.0 mL 1 M magnesium chloride, and 300 \xL 1% Triton 
X-100 and diluting to 100 mL with water. 84 mL of this kinase buffer solution is 
combined with 16 mL dimethylsulfoxide to prepare the 16% DMSO solution. 

The 200 ATP solution is prepared by adding 102.6 \xL 10 mM aqueous ATP, 
25 ixL 33 P-ATP, and 163.5 pL of 4 mM aqueous Epidermal Growth Factor Peptide 661- 
2 0 681 (Biomol, Catalog #P-121) in 5 mL kinase buffer solution. 

The p38 kinase enzyme solution is prepared by dissolving 9.5 \XL concentrated 
enzyme solution (250 ng p38 enzyme/|uL kinase buffer solution) in 1536 |uL kinase buffer 
solution. 



25 Sample Preparation 

An 80 |oM solution of each test compound and control compound are prepared by 
dissolving 2 |jL of a lOmM stock solution of the respective compounds in 
dimethylsulfoxide in 248 jjlL of the 16% DMSO solution in a Costar 96-well microtiter 
plate. The plate is placed onto the Tecan Genesis automated liquid handler for 1:3 serial 

3 0 dilutions. 
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Assav 

10 (LtL of serially diluted compound is placed with a Beckman Multimek 96-well 
automate*! liquid handler to the assay plate. 20 \\L of 200 \iM ATP solution is added with 

a Titertekt Multidrop 8-channel liquid handler. 10 jllL of p38 kinase enzyme solution is 
5 transferred to the assay plate using the Multimek. The mixture is allowed to react for 40 
minutes at 30°C and then the reaction is stopped by adding 60 |jL of freshly prepared 5% 
glacial acetic acid with Multidrop. 80 |uL of this solution is transferred to an "MAPH" 
plate using the Multimek. The plates are allowed to set for 30 minutes at room 
temperature and then washed/aspirated on the Titertek MAP extractor with freshly 
10 prepared 0.5% glacial acetic acid (1 x 300 juL, 2 x 200 pL). The wells are blotted and 100 

ML MicroScint-20 scintillation fluid (Packard Bioscience) is added with the Multidrop. 
The plates] are allowed to sit for 30 minutes and counted on a PE/Wallac Microbeta Trilux 
scintillation counter for 33 P-isotope. 

All exemplified compounds were initially tested at 10 concentrations (20 |uM — 1 

15 nM using 1:3 serial dilutions). Compounds with IC50 values less than 25 nM were re- 

1 

tested at a starting concentration of 2 fxM to 0.1 nM (1:3 serial dilutions). IC50 values 
were calculated (IDBS ActivityBase software) for each compound using non-linear 
regression^ All exemplified compounds were tested essentially as described above and 
were found to inhibit the p38 kinase enzyme with an IC50 of at least 5jxM. 

20 1 

1 

Inhibition of TNF-q in vitro 
Mouse Peritoneal Macrophages 

1 mL thioglycolate broth (5.0 g yeast extract, 15.0 g casitone or trypticase, 5.0 g 
dextrose, 2.5 g sodium chloride, 0.75 g L-cystine, 0.5 g sodium thioglycolate, 1.0 mg 

1 
1 

25 resazurin, ^nd 0.75 g agar in 1.0 L distilled water) is injected into the peritoneal cavity of 

each Balb/C female mice. At day 4 or 5 post-injection the mice are sacrificed and then 

1 

injected i.p^ with 4 mL Dulbecco's phosphate-buffered saline (BioWhittaker) and the 
peritoneal macrophages are withdrawn by syringe. 
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Cytokine Production 

Mouse peritoneal macrophages are counted with a hemocytometer and adjusted to 
2.5 x 10 6 cells/ml complete media (RPMI-1640 medium containing 10% fetal bovine 
serum). Cells are plated in 96-well flat-bottom plates at 5 x 10 5 cells per 200 Jul per well 
5 and allowed to settle and adhere to the bottom of the well for at least 3 hours. Cells are 
pre-treated with test compound or standard p38 kinase inhibitor using a series of 8 
concentrations for 1 hour at 37°C (20 |LiL/well). The cells are then treated with a mixture 
of 50 ng/mL lipopolysaccharide (LPS) and 10 U/mL interferon-y for 18 hours at 37°C (20 
|uL/well). The conditioned media is harvested and assayed for TNF-a production using 
1 0 the Luminex procedure. 

TNF-oc/Luminex Detection Assay for Inhibition of TNF-a in vitro (Bio-Rad Bio-Plex Kit 
- Catalog #171-G12221) 

The lyophilized premixed TNF-a standard (1 standard tube/ two 96-well plates) is 

15 reconstituted with 50 \xL sterile water (500,000 pg/mL). The samples are vortexed for 5 
seconds, incubated on ice for 30 minutes, and vortexed for 5 seconds before use. A set of 
twelve 1.5 ml tubes are labeled with #l-thru #12 and then the amounts of cell media 
shown below added to the appropriate tubes (standard concentrations are as follows: 
50,000; 25,000; 12,500; 6,250; 3,125; 1,562.5; 781.3; 390.6; 195.3; 97.7; 48.8; and 24.4 

2 0 pg/mL). The premixed anti-cytokine conjugated beads are vortexed (25X) vigorously for 
30 seconds. The anti-cytokine conjugated beads are diluted to a IX concentration using 
IX Bio-Plex Assay Buffer. For every plate, 240 |llL of the pre-mixed beads is added to 
5760 jxL of Bio-Plex Assay Buffer. A Millipore 96-well filter plate is blocked with 100 
{XL/well of blocking buffer. The blocking buffer is filtered through using a Millipore 

2 5 filtration system and then toweled dry. Two washes are performed on the filter plate with 

100 jul/well of Bio-Plex Assay Buffer and toweled dry. The IX anti-cytokine conjugated 
beads are vortexed for 15 seconds and added 50 ^iL to each well. This is filtered through 
and toweled dry. Two washes are performed on plates with 100 jul/well of Bio-Plex Wash 
Buffer. Again, it is filtered through and toweled dry. 50 ]uL of sample or standard is 

3 0 added to each sample well. This is incubated for 60 seconds at room temperature on a 

shaker protected from light at setting 6 and then for 30 minutes at setting 3 and then 
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i 
I 

* 

i 

placed in; the refrigerator overnight. Three washes are performed with Bio-Plex Wash 
Buffer, then filtered and toweled dry. The cytokine detection antibody is prepared (-10 

minutes jj>rior to use) for every plate and 60 JiL of the premixed cytokine detection 

antibody stock is added to 5940 fxL of Bio-Plex Detection Antibody Diluent. 50 \xL of 

5 cytokine ketection antibody is added and incubated for 60 seconds at room temperature on 

i 

a shaker protected from light at setting 6 and then for 30 minutes at setting 3. Three 
washes aifc performed with the Bio-Plex Wash Buffer. This is filtered through and 
toweled djry. Strept-PE (-10 minutes prior to use) is prepared for every plate and 60 |uL to 
5940 |jL of Bio-Plex Assay Buffer added. 50 |jL of Streptavidin-PE is added to each well 
1 0 and incubated for 60 seconds at room temperature on a shaker protected from light at 

setting 6 dnd then for 10 minutes at setting 3. Three washes are performed with Bio-Plex 

! 

Wash Buffer. This is filtered through. The beads are re-suspended in 100 |nL/well of Bio- 
Plex Assay Buffer. Standards and samples are read on a Luminex machine. These 

i 

intensity readings are then converted to picogram/milliliter units based on a 12-point 
1 5 standard cprve created in duplicate using a four-parameter logistic regression method 
(Bio-Plex Manager, Versions 2.0 and 3.0, Bio-Rad), and the IC50 calculated. 

The compounds of Examples 1, 6, 16, and 17 were tested essentially as described 

1 

above and suppressed TNF-a in vitro with an IC50 less than 100 nM. 

I 
1 

2 0 Inhibition of TNF-a in vivo 

Compounds are administered p.o. (100, 30, 10 and 3 mg/kg) to female Balb/c 
mice (5 mice/dose). After 2 hours, lipopolysaccharide (LPS, E. coli serotype 011 1:B4, 5 
mg/kg) is Administered i.v. in the tail vein of each mouse. One hour after LPS 
administration the mice are euthanized by CO2 inhalation and blood is collected via 

2 5 cardiac puncture. Serum is analyzed for TNF-a levels by Luminex procedure. 

1 

1 1 

1 

TNF-a/Lumincx Detection Assay for Inhibition of TNF-a in Vivo (Bio-Rad Bio-Plex Kit 
- Catalog #171-G1222n 

1 

Reconstitute the lyophilized premixed TNF-a standard (1 standard tube/ two 96- 

3 0 well plates) with 50 JiL sterile water (500,000 pg/mL). Gently vortex for 5 seconds, 

incubate oni ice for 30 minutes, and vortex for 5 seconds before use. Label a set of twelve 

i 

1 

! 

I 

BNSDOCID <WO 200401 4900A1_I_> . 



WO 2004/014900 PCT/US2003/0 19890 

-105- 

1.5 ml tubes with #l-thru #12 and then add the amounts of mouse serum standard diluent 
shown below to the appropriate tubes (standard concentrations are as follows: 50,000; 
25,000; 12,500; 6,250; 3,125; 1,562.5; 781.3; 390.6; 195.3; 97.7; 48.8; and 24.4 pg/mL). 
Vortex the premixed anti-cytokine conjugated beads (25X) vigorously for 30 seconds. 
5 Dilute the anti-cytokine conjugated beads to a IX concentration using IX Bio-Plex Assay 
Buffer. For every plate, add 240 \xL of the pre-mixed beads to 5760 |llL of Bio-Plex Assay 
Buffer. Block a Millipore 96-well filter plate with 100 ^I/well of blocking buffer. Filter 
through the blocking buffer using a Millipore filtration system. Towel dry. Perform 2 
washes on the filter plate with 100 jxl/well of Bio-Plex Assay Buffer and towel dry. 

10 Vortex the IX anti-cytokine conjugated beads for 15 seconds and add 50 jjlL to each well. 
Filter through and towel dry. Perform 2 washes on plates with 100 jil/well of Bio-Plex 
Wash Buffer. Filter thru and towel dry. Add 25 juL of serum sample and 25 \iL of diluent 
(Bio-Rad) or 50 \JiL standard to each sample well. Incubate for 60 seconds at room 
temperature on a shaker protected from light at setting 6 and then for 30 minutes at setting 

15 3 and then place in the refrigerator overnight. Perform 3 washes with Bio-Plex Wash 
Buffer. Filter through and towel dry. Prepare cytokine detection antibody (-10 minutes 
prior to use) for every plate, add 60 (XL of the premixed cytokine detection antibody stock 

to 5940 juL of Bio-Plex Detection Antibody Diluent. Add 50 [XL of cytokine detection 
antibody and incubate for 60 seconds at room temp on a shaker protected from light at 
2 0 setting 6 and then for 30 minutes at setting 3. Perform 3 washes with Bio-Plex Wash 
Buffer. Filter through and towel dry. Prepare strept-PE (-10 minutes prior to use) for 

every plate, add 60 jjlL to 5940 \xL of Bio-Plex Assay Buffer. Add 50 |JL of Streptavidin- 
PE to each well and incubate for 60 seconds at room temp on a shaker protected from 
light at setting 6 and then for 10 minutes at setting 3. Perform 3 washes with Bio-Plex 

2 5 Wash Buffer. Filter through. Re-suspend the beads in 100 pL/well of Bio-Plex Assay 

Buffer. Read standards and samples on Luminex machine. These intensity readings are 
then converted to picogram/milliliter units based on a 12-point standard curve created in 
duplicate using a four-parameter logistic regression method (Bio-Plex Manager 2.0, Bio- 
Rad), and the IC50 calculated. 

3 0 The compounds of Examples 1, 6, and 16 were tested essentially as described 

above and suppressed TNF-a in vivo with an IC 50 less than 100 mg/kg. 
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Effect on Intra-articular LPS induced TNF-a 
Injtra-articular injection of LPS into rat ankles induces the synthesis of TNF-a, 
which can be measured in synovial lavage fluid. High levels of TNF-a are detectable 
5 within 2 hours. Since the joint is the site where arthritis develops, this model can rapidly 
determine whether an orally administered compound has an effect on an inflammatory 
response in the synovium. 

Six female Lewis rats (150-200 g) are place in each treatment group. The animals 
are given vehicle (1% NaCarboxymethylcellulose-0.25% Tween 80) or Example 77 (free 
1 0 base) (1 mg/kg, 3mg/kg, lOmg/kg, and 30mg/kg) orally. One hour later, 10 jxl LPS (10 
(xg) is administered intra-articularly into the right ankle of each rat, while the left ankle 
receives lp jjL of saline. After two hours, each ankle is lavaged with 100 jiL of saline. 
The lavage is collected and stored at -80° G. 

15 Group#l: Vehicle (l%NaCMC-0.25%Tween 80, 1 mL, PO) 
Group#2: Example 77 (free base) (1 mg/kg, 1 mLl, PO) 
Group#3: Example 77 (free base) (3 mg/kg, 1 mL, PO) 
Group#4: Example 77 (free base) (10 mg/kg, 1 mL, PO) 

Group#5: Example 77 (free base) (30 mg/kg, 1 mL, PO) 

20 ' 

TNF-a was measured with a commercially available ELISA kit (R&D, RTA00). 
Treatment jwith Example 77 produced a dose-dependent inhibition of TNF-a synthesis, as 
measured in the synovial lavage fluid. The TMED50 = 10 mg/kg for Example 77 in this 
assay. , 

25 

i 

B16Fld Melanoma Target (MAPKAP-K2 Phosphorylation) and B16F10 Melanoma 



Metastasis Efficacy Model 

i 

i 

\ 

Inhibition 6f B16F10 Melanoma Lung Metastases 
3 0 Thej B16F10 melanoma cell line is obtained from the American Type Culture 

Collection, |Rockville, MD. The cells are cultured in RPMI-1640 medium supplemented 
with 10% fetal calf serum. The cells grown in vitro are harvested during their exponential 
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growth phase by gentle trypsinization, washed twice in medium, and resuspended in 
serum-free RPMI-1640 medium. The number of monodisperse viable cells is determined 
using a hemocytometer and adjusted to 1 x 10 6 cells/mL. Tumor cells are injected 
intravenously into the tail vein of normal C57B16 mice with an inoculum volume of 0.2 
5 ml containing 200,000 cells. Mice are treated with test compound or vehicle control 
starting 1 day before i.v. tumor inoculation. Example 77 (free base) is prepared as a 
suspension formulation in 1% NaCMC/0.25% polysorbate 80 and probe sonicated in an 
injection volume of 1% body weight (e.g., the 30 mg/kg dose level is prepared at 3 mg/ml 
and 0.2 cc was administered per 20 gram mouse). Mice are treated orally tid. with the 
10 compound at 30, 10, and 3 mg/kg (90, 30, and 9 mg/kg/day) from days -1 thru 16 after 

tumor cell inoculation. Control mice receive the vehicle alone in an identical manner. On 
day 16, the mice are sacrificed, and the lungs are harvested and fixed in 3% 
paraformaldehyde. Lung lesions are quantitated by manual counting under a dissecting 
microscope. 

15 The test compound was tested in the B 16F10 melanoma lung metastasis model 

orally at 3, 10, and 30 mg/kg, tid from one day before to 16 days after i.v. tumor 
inoculation (total dose 9, 30 and 90 mg/kg/day). The lungs were harvested on day 16 and 
lung lesions were quantitated. The test compound caused 54%, 73%, and 95% inhibition 
of lung metastasis formation for the 3, 10 and 30 mg/kg dose levels, respectively (p< 

2 0 0.001 at all three dose levels). 

B16F10 target (phosphorvlated MAPKAPK-2^ Studies. 

The B16F10 melanoma cell line is obtained from the American Type Culture 
Collection, Rockville, MD. The cells are cultured in RPMI-1640 medium supplemented 

2 5 with 10% fetal calf serum. The cells grown in vitro are harvested during their exponential 

growth phase by gentle trypsinization, washed twice in medium, and resuspended in 
serum-free RPMI-1640 medium. The number of viable cells is determined using a 
hemocytometer and adjusted to 1 xl0 7 /mL. Tumor cells are injected subcutaneously in 
normal C57B16 mice. Inoculum volume per mouse is 0.2 mL (2,000,000 cells). When 

3 0 the tumors reach 300-500 mg, the mice are used for target inhibition studies at either a 

fixed time (2.5 hours) after p.o. compound treatment or pharmacodynamic studies where 
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the tumots are collected at multiple time-points (e.g., 3, 6, 9, 12, 15, and 18 hours) after 

p.o. compound treatment. 

i 

i 

Protein Extraction and Immuno-Blot Analysis 



Tumors collected as described above are immediately snap-frozen in liquid 
nitrogen and stored at -80°C. Tumor tissues are homogenized on ice using a Daunce 
homogogjenizer in an extraction buffer (25 mM Tris pH 7.5 containing the following 
protease |nhibitors: 10 |Lig/ml leupeptin, 10 \ig /mL soybean tryp-chymotrypsin 

10 inhibitor, 10 \xg/mL N-tosyl-L-phenylalanine chloromethyl ketone, 10 fxg/ml 

i 

aprotinin] Ncc-p-tosyl-L- arginine methyl ester, 7 mM benzamidine, 03 mM 
phenylm^thylsulf onyl fluoride and two tablets of Roche complete protease inhibitor 
cocktail; following phosphatase inhibitors: 60 mM beta-glycerophosphate, 1 mM 

sodium vanadate, 10 mM sodium fluoride. 20 mM p-nitrophenyl phosphate, 1 (LiM 

j 

15 okadaic acid, 1 fiM microcystin, 2.5 mM sodium pyrophosphate; and 1 mM 

dithiothrelitol, 15 mM EDTA, 5 mM EGTA, 1% Triton X100 and 150 mM sodium 
chloride).| Tissue lysates are cleared by centrifugation in a refrigerated 
microcentrifuge at 14,000 rpm and at 1°C for 20 minutes. Supernatants are transferred 
to fresh niicrofuge tubes prechilled on ice and snap-freeze again in liquid nitrogen or 

2 0 dry ice. After quick thaw to about 80% completion in lukewarm water, the samples 
are placet} on ice to complete thaw. The samples are centrifuged again at 14,000 rpm 
and at 1°Q for 15 minutes. The supernatant is transferred to fresh prechilled 

i 

microfug^ tubes and protein concentrations are measured using Bio-Rad protein assay 
reagents losing bovine serum albumin as protein standard 

2 5 Protein extracts are equalized with the extraction buffer. An equal volume of 

2X SDS sample buffer is added to the protein extracts and boiled in a waterbath for 5 
minutes. 'lOO jug of protein extract per sample is used for electrophoresis on 4-20% 
gradient SODS-PAGE gel and transferred onto nitrocellulose (NC) membranes. NC 
membranes are blocked in 5% BSA in TBST (20 mM Tris pH7.5, 500 mM sodium 

3 0 chloride, ().05% Tween 20 and 0.02% sodium azide) for least 1 hour. The membranes 

are then irlcubated in primary antibody at 1:1,000 with 5% BSA in TBST overnight on 
a shaker with 80 rpm at 4°C. Membranes are washed 4 X, 10 minutes each, with 
TBST. The membranes are then incubated for 40 minutes with secondary antibody 
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HRP (horse radish peroxidase) conjugate at 1:10,000 dilution in 3% non-fat milk in 
TBST and washed again 4 times with TBST, 10 minutes each. The immuno-blots are 
then visualized by enhanced chemiluminescence (ECL, Amersham) as per 
manufacturer's instructions. All primary antibodies are purchased from Cell 
5 Signaling and secondary antibody HRP conjugates are obtained from Amersham. 
Gels, membranes and apparatus used for electrophoresis and Western blotting are 
purchased from Invitrogen. Protein bands of interest are quantified from films using 
Kodak Image Station 1000. 

1 0 The compound of Example 77 showed excellent dose-dependent activities against 

p38 MAPK in tumors harvested 2.5 hours after dosing, seen as a dose-dependent 
inhibition of MAPKAPK-2 phosphorylation. MAPKAPK-2 is a physiological substrate of 
p38 MAPK. Appreciable inhibition of MAPKAPK-2 phosphorylation by the compound 
of Example 77 was observed at doses as low as 0.3mg/kg and ANOVA TMED50 was 

15 determined at 3 mg/kg. The compound of Example 77 at doses >30 mg/kg reduced the 
phosphorylation level of MAPKAPK-2 in the tumors by >80% (P<0.001). In the time 
course study, the compound of Example 77 was administered at 30 mg/kg and tumors 
were excised at various time intervals after dosing for up to 18 hours. W estern blotting 
analysis of MAPKAPK-2 phosphorylation showed that the compound of Example 77 

2 0 inhibited p38 MAPK activity for up to 9 hours. By 12 hours after dosing, the level of 
MAPKAPK-2 phosphorylation in the treated tumors returned to a similar level as in the 
vehicle control. 

The compound of Example 77 was tested in the B16F10 melanoma lung 
25 metastasis model orally at 3, 10, and 30 mg/kg, tid from one day before to 16 days after 
i.v. tumor inoculation (total dose 9, 30 and 90 mg/kg/day). The lungs were harvested on 
day 16 and lung lesions were quantitated. The compound of Example 77 caused 54%, 
73%, and 95% inhibition of lung metastasis formation for the 3, 10 and 30 mg/kg dose 
levels, respectively (p< 0.001 at all three dose levels). 

30 
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P815 Tumor Model 

i 

Female( 6-8 weeks old ) DBA/2 mice (Taconic) are implanted subcutaneously into 

i , 
the hind flank region on day 0 with P815 cells (0.5xl0 6 cells in 200ul of RPMI 1640). 

P815 tumir cells are purchased from ATCC and are cultured in RPMI 1640 medium, 

supplemented with glutamine and 10% bovine serum at 37°C in 5% C02 cell culture 

incubator. 1 Tumor-bearing animals are treated with oral administration of Example 77 

(free base), at different doses or vehicle with frequency of three times a day started on the 

day of implantation. Tumor growth is monitored every 2 days by measuring 

perpendicular diameters. Tumor volume expressed in milligram (mg) is determined as 

the producjt of the largest diameter (a) and its perpendicular (b) according to the formula 

[tumor volume = a x b 2 x 0.536]. 

! 

In Vivo Tairget Inhibition Study in P815 Mastocytoma Model 

In Vzvo target inhibition is determined by measuring the effect of inhibitor 

< 

treatment on the phosphorylation of MAPKAP-K2 expressed in P815 tumor tissues. 
Tumors iti| DBA/2 mice received P815 cells subcutaneous implantation are allowed to 
grow to a ?ize of 300-500 mg without treatment. Tumor bearing mice are then given oral 

administration of Example 77 (free base) or vehicle. To investigate time course related 

i 

target inhibition by Example 77 (free base), tumors are harvested from COo sacrificed 
animals at 'the indicated times (3 hours, 6 hours, 12 hours, and 18 hours) after compound 
is dosed at| 30 mg/kg. Dose-dependent target inhibition by Example 77 (free base) is 
investigated by harvesting tumors at 3 hours after orally given different doses of Example 
77 (free ba[se) or vehicle. Harvested tumors are immediately snap frozen onto dry ice, 
pulverizedj, homogenized and lysed in cooled lysis buffer containing proteinase and 
phosphatase inhibitors. After centrifugation to remove cell debris, supernatants 
containingj 100 microgram total proteins are resuspended in 2 x Tris-Glycin loading buffer 
and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (10% Tris- 
Glycine) under reducing conditions. Proteins are subsequently blotted onto a PDVF 
membrane! and were then blocked in 5% milk PBS containing 0.1% Tween-20 for 1 hour 
at room temperature. The membrane is then incubated with primary antibody (anti- 
phospho-]\llAPKAP-K2, Cell Signaling) at 4°C overnight followed by incubation with 
secondary 'antibody (anti-rabbit HRP-conjugated IgG) at room temperature 1 hour, 
i 

I 
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Phospho-MAPKAP-K2 expression level is visualized by Phospho-Image detection system 
after the enhanced chemiluminescence (ECL) detection is used to reflect the presence of 
proteins on the PVDF blots. Expression level of phospho-p38 MAP kinase and total p-38 
MAP kinase is also monitored by similar western blotting procedure. 

5 

Time- and dose-dependent inhibition of MAPKAP-K2 phosphorylation by Example 77 
(free base) in P815 tumors in vivo 

The effect of oral administration of a single dose of Example 77 (free base) on 
MAPKAP-K2 phosphorylation was evaluated in DBA/2 mice bearing P815 tumors. 

1 0 Administration of Example 77 (free base) at 30 mg/kg caused a time-dependent inhibition 
of MAPKAP-K2 phosphorylation. This inhibitory effect of the compound happened as 
early as 3 hours after animals are dosed and extended to 12 hours. It was also evident that 
phosphorylation of MAPKAP-K2 recovered completely at 1 8 hours after dosing. When 
P815 tumor bearing animals were given Example 77 (free base) at different doses (3, 10 

1 5 and 30 mg/kg) and their tumors were harvested for measuring protein expression at 3 
hours after dosing, a significant dose-dependent inhibition of MAPKAP-K2 
phosphorylation was demonstrated. In these animal studies Example 77 (free base) did 
not alter both p38 MAP kinase phosphorylation and total p38 MAP kinase expression in 
vivo. 

20 

Inhibition of P815 tumor growth in vivo 

The in vivo activity of Example 77 (free base) was assessed on the growth of P815 
tumors grafted subcutaneously in DBA/2 mice. Oral administration of Example 77 (free 
base) at tid doses between 0. 1 and 30 mg/kg resulted in dose-dependent inhibition of 
25 P815 tumor growth, with 67% inhibition of tumor volume at 30 mg/kg (p<0.01, three 

independent studies), 55% inhibition at 3 mg/kg (p<0.05, 2 independent studies), and 30 
to 14% inhibition at lower doses. 



Rat Collagen Induced Arthritis Efficacy Model 
3 0 Female Lewis rats ((=190 gm, Charles River Labs) are immunized with Bovine type 

II collagen (2 mg/ml) emulsified with an equal volume of adjuvant (aluminum hydroxide), 
were used. The rats are immunized with approximately 03 mg of the emulsion 
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intradermally on the back near the base of the tail. All animals are re-immunized 7 days later 
according] to the same protocol. The rats begin to develop arthritis (characterized by swelling 
and redness of one or both ankles) from 12 to 14 days after the first immunization. The rats 
are equally distributed into five treatment groups at the first signs of arthritis and treatment is 
initiated V/ith each rat dosed bid for 14 days. 



Treatment groups: 



Group 1 , Vehicle (1% NaCarboxymethylcellulose+0.25% Tween 80) 1 mL, PO, 

1 0 Bid x 14 days 

Group 2 j Example 77 (free base), 5 mg/kg, 1 mL, PO, Bid xl4 
Group 3 ' Example 77 (free base), 15 mg/kg, 1 mL, PO, Bid xl4 
Group 4 ! Example 77 (free base), 30 mg/kg, 1 mL, PO, Bid xl4 
Group 5 i Prednisolone 10 mg/kg, 1 mL, PO, qd xl4 

15 

Ankle diameter is measured with calipers 5 days a week and recorded. Data is 
expressecj as the area under the curve (AUC) generated from the composite inflammation 
scores and statistical analysis performed. At all doses of Example 77 there was a 
significant reduction in ankle diameter with a maximum reduction of 46% at 30 mg/kg 
2 0 (p<0.0001). Prednisolone reduced the inflammation to pre-arthritic levels. 

At the termination of the study, animals were sacrificed and ankles processed for 
histological evaluation. The histology score is based on a 0 - 5 scale for each of 4 
parameters (Inflammation, pannus, cartilage damage, bone resorption). In animals treated 

i 

with Exajnple 77, a dose dependent inhibition of joint pathology was observed. 

2 5 Significant reduction in overall joint scores was obtained in animals treated with 

Example 77 at 15 and 30 mg/kg (p<0.03 and p = 0.0031 respectively). 

Oral administration of the compounds of the present invention is preferred. 
However', oral administration is not the only route or even the only preferred route. For 

3 0 example, transdermal administration may be very desirable for patients who are forgetful 

or petulant about taking oral medicine, and the intravenous route may be preferred as a 
matter ofj convenience or to avoid potential complications related to oral administration. 
Compounds of Formula I may also be administered by the percutaneous, intramuscular, 
intranasal or intrarectal route in particular circumstances. The route of administration 
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may be varied in any way, limited by the physical properties of the drugs, the convenience 
of the patient and the caregiver, and other relevant circumstances (Remington's 
Pharmaceutical Sciences , 18th Edition, Mack Publishing Co. (1990)). 

The pharmaceutical compositions are prepared in a manner well known in the 
5 pharmaceutical art. The carrier or excipient may be a solid, semi-solid, or liquid material 
that can serve as a vehicle or medium for the active ingredient. Suitable carriers or 
excipients are well known in the art. The pharmaceutical composition may be adapted for 
oral, inhalation, parenteral, or topical use and may be administered to the patient in the 
form of tablets, capsules, aerosols, inhalants, suppositories, solutions, suspensions, or the 
10 like. 

The compounds of the present invention may be administered orally, for example, 
with an inert diluent or capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the compounds may be incorporated with excipients and used 
in the form of tablets, troches, capsules, elixirs, suspensions, syrups, wafers, chewing 

15 gums and the like. These preparations should contain at least 4% of the compound of the 
present invention, the active ingredient, but may be varied depending upon the particular 
form and may conveniently be between 4% to about 70% of the weight of the unit. The 
amount of the compound present in compositions is such that a suitable dosage will be 
obtained. Preferred compositions and preparations of the present invention may be 

2 0 determined by methods well known to the skilled artisan. 

The tablets, pills, capsules, troches, and the like may also contain one or more of 
the following adjuvants: binders such as povidone, hydroxypropyl cellulose, 
microcrystalline cellulose, or gelatin; excipients or diluents such as: starch, lactose, 
microcrystalline cellulose or dicalcium phosphate, disintegrating agents such as: 

2 5 croscarmellose, crospovidone, sodium starch glycolate, corn starch and the like; lubricants 

such as: magnesium stearate, stearic acid, talc or hydrogenated vegetable oil; glidants 
such as colloidal silicon dioxide; wetting agents such as: sodium lauryl sulfate and 
polysorbate 80; and sweetening agents such as: sucrose, aspartame or saccharin may be 
added or a flavoring agent such as: peppermint, methyl salicylate or orange flavoring. 

3 0 When the dosage unit form is a capsule, it may contain, in addition to materials of the 

above type, a liquid carrier such as polyethylene glycol or a fatty oil. Other dosage unit 
forms may contain other various materials that modify the physical form of the dosage 
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unit, for example, as coatings. Thus, tablets or pills may be coated with sugar, 
hydroxyprqpyl methylcellulose, polymethacrylates, or other coating agents. Syrups may 
contain, in addition to the present compounds, sucrose as a sweetening agent and certain 
preservatives, dyes and colorings and flavors. Materials used in preparing these various 
5 compositions should be pharmaceutical^ pure and non-toxic in the amounts used. 

Thej compounds of Formula I are generally effective over a wide dosage range. 
For example, dosages per day normally fall within the range of about 0.0001 to about 
30 mg/kg cff body weight. In some instances dosage levels below the lower limit of 

i 

the aforesaid range may be more than adequate, while in other cases still larger doses 
1 0 may be employed without causing any harmful side effect, and therefore the above 

dosage range is not intended to limit the scope of the invention in any way. It will be 
understood that the amount of the compound actually administered will be determined 
by a physician, in the light of the relevant circumstances, including the condition to be 
treated, the chosen route of administration, the actual compound or compounds 
15 administered, the age, weight, and response of the individual patient, and the severity 
of the patient's symptoms. 
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WE CLAIM: 

1 . A compound of Formula I: 




where: 

Wis 




(ix) (x) 



10 XisN(R 4 )orS; 
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R p is 

(a) selected from the group consisting of hydrogen, Ci-Ce alkyl, cyano, 
(C1-C4 alkylene)-R n , 3-hydroxyprop-2-yl, (l-phenyl)-2-hydroxyeth-l-yl, (1-cyclohexyl)- 
5 3-hydroxyprop-2-yl, 4-methoxybenzyl, l,4-dioxoaspiro[4,5]dec-8-yl, tetrahydropyran, 
2,2,6 5 6-te|tramethylpiperidin-4-yl, and cyclohexan-l-on-4-yl, 

! (b) phenyl optionally substituted with one substituent selected from the 
group consisting of nitro and amino, 

(c) piperidin-4-yl optionally substituted with one substituent selected 
10 from the group consisting of C1-C4 alkyl, C1-C4 alkoxycarbonyl, and benzyl, or 

« 

(d) C3-C6 cycloalkyl optionally substituted with one substituent 
selected from the group consisting of C1-C4 alkoxycarbonylamino, amino, hydroxy, and 
C1-C4 alkylene-OH; 



15 R 1 is 

(a) selected from the group consisting of hydrogen, C1-C6 alkyl, C2-C4 

alkynyl, halo, amino, azido, formyl, l-(Ci-C4 alkoxycarbonyl)ethen-2-yl, l-(Ci-C4 

1 

alkoxycatbonyl)ethyl, l-(d-C 4 carboxy)ethyl, (C1-C4 alkylene)benzyloxy, 
trifluoromethyl, trimethylsilylethynyl, but-3-yn-l-ol, , C3-C6 cycloalkyl, tetrahydropyran- 
2 0 4-yl, hydroxymethyl, 2-(piperidin-l-yl)methyl, NJNP ,N'-[trimethyl]-2- 

(aminoethylamino)methyl, (morphohn-4-yl)methyl, dimethylaminomethyl, N-[2- 
(piperidiii- 1 -yl)eth- 1 -yl] -aminomethyl, N' ,N' -dimethyl-2-(aminoethylamino)methyl, 
pyridinyl , thiazolyl, triazolyl, benzo(l,3)dioxolan-5-yl, and imidazol-2-yl, 

] (b) phenyl optionally substituted with one to three substituents 

2 5 independently selected from the group consisting of C1-C4 alkyl, halo, nitro, amino, C1-C4 

alkoxy, tpfluoromethyl, trifluoromethoxy, trifluoromethylsulfanyl, methylsulfonyl, 
methylsulfonamidyl, pyrrolidin-l-yl, morpholin-4-yl, 4-(Ci-C4 alkyl)piperazin-l-yl, - 
NR 6 R 7 , and 

C1-C4 alkjoxy optionally substituted with one substituent selected from the group 

3 0 consisting of piperidin-l-yl, pyrrolidin-l-yl, morpholin-4-yl, azepin-4-yl, and di(Ci-C 4 

alkyl)amino, 
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(c) thienyl optionally substituted with one substituent selected from the 
group consisting of halo, nitro, amino, and C1--C4 alkyl, or 

(d) piperidin-4-yl optionally substituted at the 1 -position from the 
group consisting of C1-C4 alkyl, C1-C4 alkoxycarbonyl, benzyloxycarbonyl, and (C1-C4 

5 alkylene)-R 8 ; 



Alternatively R° and R 1 may be taken together to form a fully saturated C3-C4 
carbon chain or a fully unsaturated C3-C4 carbon chain optionally substituted with halo or 
C1-C4 alkyl; 

10 R 2 is hydrogen, C1-C4 alkyl, or benzyl; 

R 3 is thienyl or phenyl optionally substituted with one to two substituents 
independently selected from the group consisting of halo, C1-C4 alkyl, C1-C4 alkoxy, and 
trifluoromethyl; 

R 4 is hydrogen, (C1-C4 alkyl)sulfonyl, or (C3-C6 cycloalkyl)sulfonyl; or (C1-C4 
15 alkyl) 2 N-sulfonyl; 

R 5 is halo, hydrogen, or -NRV 0 ; 

R 6 andR 7 are individually at each occurrence selected from hydrogen, carbonyl, or 
C1-C4 alkyl providing that at least one of R 6 and R 7 is hydrogen; 

R 8 is hydroxy, trifluoromethyl, dimethylamino, phenyl, pyridinyl, or 1- 
2 0 methylimidazol-2-yl, ; 

R 9 is independently at each instance hydrogen or C1-C4 alkyl; 
R 10 is hydrogen, C1-C4 alkyl, or benzyl; 

R 11 is C1-C4 alkoxy, hydroxy, Q-C4 alkoxycarbonyl, C1-C4 alkoxycarbonylamino, 
C3-C6 cycloalkyl, phenyl optionally substituted with one to two substituents independently 
2 5 selected from the group consisting of C1-C4 alkoxy and halo, morpholin-4-yl, or pyridinyl; 




provided that when W is v } then 

(a) at least one of R° and R 1 is hydrogen or Ci-C 6 alkyl; or 
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(b) R° and R 1 may be taken together to form a fully saturated C3-C4 
carbon chain or a fully unsaturated C3-C4 carbon chain optionally 
substituted with halo or C1-C4 alkyl; 

R° 

I 

N. 



XT 

R 



1 (H) 

alsio provided that when X is S, W is v ' ; 

5 or a pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof. 



20 



2. A compound of Claim 1, W is is either 

0 




(i) («) 



10 3. A compound of either of Claims 1 or 2, where X is N(isopropylsulfonyl) 

and R 5 is -jNEfe. 



4. ! A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2-(2,6- 
difluorophenyl)-5-(phenyl)-imidazol-4-yl)~benzimidazole or a pharmaceutically 
15 acceptable salt or a pharmaceutically acceptable solvate thereof. 



5. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2-(4- 
cWorophenyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole or a pharmaceutically acceptable 



salt or a pharmaceutically acceptable solvate thereof. 
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6. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2-(2- 
chloro-6-fluorophenyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole or a pharmaceutically 
acceptable salt or a pharmaceutically acceptable solvate thereof. 



5 7. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2-(^rt- 

butyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole or a pharmaceutically acceptable salt or a 
pharmaceutically acceptable solvate thereof. 

8. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2-(2- 
1 0 cWoro-6-fluorophenyl)-5-(4-fluorophenyl))-iinidazol-4-yl)-benzimidazole or a 

pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof. 



15 



9. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2- 
(isopropyl)-5-(phenyl)-iniidazol-4-yl)-benzimidizole or a pharmaceutically acceptable salt 
or a pharmaceutically acceptable solvate thereof. 



20 



10. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2- 
(cyclopropyl)-5-(4-fluorophenyl)-imidazol-4-yl)-benzimidazole or a pharmaceutically 
acceptable salt or a pharmaceutically acceptable solvate thereof. 



11. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2-(2- 
fluoro-6-trifluoromethylphenyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole or a 
pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof. 



25 12. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2-(2- 

trifluoromethylphenyl)-5-(phenyl)-iinidazol--4-yl)-benzimidazole or a pharmaceutically 
acceptable salt or a pharmaceutically acceptable solvate thereof. 



13. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2- 
3 0 (cyclohexyl)-5-(phenyl)-imidazol-4-yl)-benzimidazole or a pharmaceutically acceptable 
salt or a pharmaceutically acceptable solvate thereof. 
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l4. A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(l- 

(methyl)-2-(2,6~difluoropheny^ or a 

i 

pharmaceutically acceptable salt or a pharmaceutically acceptable solvate thereof. 

5 151 A compound of Claim 1, which is l-isopropylsulfonyl-2-amino-6-(2»(2,6- 

dichloropliienyl)-5-(4-fluorophenyl)-imidazol-4-yl)-benzimidazole or a pharmaceutically 
acceptably salt or a pharmaceutically acceptable solvate thereof, 

16] A compound of Claim 1, which is 14sopropylsulfonyl-2-amino-6~(2-(2,6- 
1 0 dichlorophenyl)~5-(phenyl)-imidazol-4-yl)-benzimidazole or a pharmaceutically 

i 

acceptable^ salt or a pharmaceutically acceptable solvate thereof. 



17j A pharmaceutical formulation comprising a compound of Claim 1 and a 
pharmaceutically acceptable carrier, diluent, or excipient. 



18. A method of inhibiting p-38 kinase in a mammal comprising administering 
to a mammal in need of such treatment an effective amount of a compound of Claim 1 . 



19. , A method of treating conditions resulting from excessive cytokine 
2 0 production! in a mammal comprising administering to a mammal in need of such treatment 
a cytokine-suppressing amount of a compound of Claim 1 . 



20. A method of Claim 7, where the cytokine is tumor necrosis factor a. 



25 21 . A method of inhibiting the growth of a susceptible neoplasm in a mammal 

i 

comprising administering to a mammal in need of such treatment a p38 inhibiting amount 
of a compound of Claim 1. 



22. A method of inhibiting metastasis in a mammal comprising administering 
30 to a mammal in need of such treatment a p38 inhibiting amount of a compound of Claim 
1. 
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23. A method of treating rheumatoid arthritis in a a mammal comprising 
administering to a mammal in need of such treatment a p38 inhibiting amount of a 
compound of Claim 1. 
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